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PREFACE 

Probably because radio experimenters operate their 
instruments first, and learn about them afterward, they 
generally remain ignorant of the simple factors of design, 
the familiarity with which makes wireless work infinitely 
more interesting. If stations incorrectly designed, or just 
put together, would not work, this condition would be 
rectified, although radio might be less popular. 

The essential problems have been stripped of mathe- 
matics which are beyond the average experimenter, in 
order that any one can build apparatus for a given per- 
formance. 

Receiving circuits have been treated at greater length 
than sending sets, partly because there is more to say 
about them, and also because of the limitations of prac- 
ticability in constructing transmitting apparatus at home. 

February, 1922. 
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MEANING OP SYMBOLS USED IN FORMULAS 

A =area of dielectric, in square inches. 
av. = average. 
C = capacity, in mf ds. 
rf= diameter, in inches. 
^= volts. 

E^ = grid charge, in volts. 
/= frequency, in cycles. 
J = amperes. 

7^ = filament current, in amperes. 
X = coefficient of coupling. 
A; = constant. 

L= inductance in centimeters. 
Z= length in inches. 

Zq = axial width of torus of rectangular cross section, in inches. 
M = mutual inductance in centimeters. 

n = number of turns per inch. 

r= radius, in inches. 

r^= distance from center of torus to center of cross-section of 
winding, in inches. 

r^= radius of cross-section of torus, in inches. 

i?^= resistance in filament circuit to put charge on grid, in ohms. 

< = thickness of dielectric, in inches. 

t.p.i. = turns per inch. 

X= wave-length, in meters. 



CONTENTS 

CHAPTER I 

OSCILLATING CIRCUITS 

PAGE 

Electrical Oscillations. — \\'ave-length and Frequency. — Wave- 
length Inductance and Capacity. — Wave-length Frequency 
Table. — Wave-length Capacity and Inductance Table. — 
Effective Capacity Table — Frequency, Inductance, Capacity. 
— Inductance in Circuit.- Coefficient of Coupling. — Capacity 
in Circuit 1-20 

k 

CHAPTER II 

RADIO ANTENNAS 

Antennas. — Loop Antennas. — Condenser Antennas. — Airplane 
Antennas. — Antenna Resistance. — Antenna Capacity. — An- 
tenna Inductance 21-30 

CHAPTER III 

DESIGN OF INDUCTANCES 

Losses in Inductances. — Inductance Constant Table. — Table 
of Turns per Inch of Wire. — Feet per Pound of Copper Wire 
Table.— Bank Wound Coils.— Figure Eight Coils.— Table of 
Constants for Inductance of Figure Eight Coils. — Single 
Layer Solenoids. — Multilayer Coils. — Toroidal Coils. — 
Staggered Coils. — Variation of Coupling. — Variation of 
Inductance 31-44 

CHAPTER IV 

DESIGN OF RECEIVING CONDENSERS 

Capacity of an Air Condenser. — Losses in Receiving Condensers. 
— Types of Variable Condensers. — Design Feat^^res. — Mica 
and Paper Condensers 45-50 

V 



vi Contents 

CHAPTER V 

AUDION DETECTIVE CIRCUITS 

PAGB 

Three Circuits of the Audion. — ^Audion Characteristics. — Grid 
Circuit.— Plate Circuit 51-58 



CHAPTER VI 

OSCILLATING AUDION CIRCUITS AND UNDAMPED 

WAVE-RECEIVERS 

Inductively Coupled Oscillators. — Capacity Couple Oscillators. 
— Locally Oscillating Circuits for Undamped Wave Recep- 
tion. — Separate Oscillators 59-65 

CHAPTER VII 

DAMPED WAVE TRANSMITTERS 

Spark Sets. — Transformer Sets. — Transfer and Lighting 
Switches 66-77 



CHAPTER VIII 

VACUUM TUBE TRANSMITTERS 

Essentials of Vacuum Tube Transmitting Circuits. — Simple 
Transmitter. — Modulated Transmitter. — Telephone Trans- 
mitter. — Another Type of Transmitter. — Loop Transmitters 7&-86 



DESIGN DATA FOR RADIO TRANS- 
MITTERS AND RECEIVERS 

PART I 

CHAPTER I 
OSCILLATING CIRCUITS 

1. ELECTRICAL OSCILLATIONS. 

Electrical oscillations can take place in a circuit con- 
taining inductance, capacity, and, necessarily, resistance, 
provided the resistance in ohms does not exceed 



^T. 



000 xc 



(1) 



2. WAVE-LENGTH AND FREQUENCY. 

Since electricity travels at the speed of light, 300,000,000 
meters per second, the wave-length of a circuit, in respect 
to the frequency of the oscillations, is 

300,000,000 ,^, 

^=— T~ ^'^ 

Table 1 gives the frequencies corresponding to wave- 
lengths from 100 to 39,000 meters. 

3. WAVE-LENGTH, INDUCTANCE AND CAPACITY. 

The wave-length, and, therefore, the oscillation fre- 
quency, depend upon the amount of inductance and capac- 
ity in the circuit. Table 2 shows the wave-lengths of 
circuits having from 1,000 cms. inductance and 0.0001 

mfd. capacity to 600,000,000 cms. and 0.002 mfd. ,6- 

1 \^* 



Design Data 

TABLE I — FitE«DBNCT AND Wave-length 



McttrE 


Freau^ncy 


M^t.™ 


Fro,;;.;. 


M«t.™ 


Fr«,«..y 


100 


3,000,000 


525 


572,000 


750 


400,000 


no 


2,727,000 


530 


566,000 


755 


397,000 


120 


2,500,000 


535 


561,000 


760 


395,000 


130 


2,308,000 


540 


556,000 


765 


392,000 


140 


2,143,000 


5*-. 


551,000 


770 


390,000 


IJO 


2,000,000 


5.5D 


546,000 


775 


3S7.000 


160 


1,875,000 


555 


541,000 


780 


385,000 


170 


1,764,000 


,560 


536,000 


785 


382,000 


180 


1,667,000 


.565 


531,000 


790 


380,000 


liMl 


1,579,000 


570 


527,000 


795 


377.000 


200 


1,500,000 


675 


522,000 


800 


375.000 


210 


1,429,000 


580 


517,000 


805 


373,000 


220 


1,364,000 


5a-) 


513,000 


810 


370,000 


230 


1,304,000 


590 


509,0(H) 


815 


3S8,000 


240 


1,250,000 


.595 


5(M,000 


820 


366,000 


250 


1,200,000 


600 


500,000 


825 


364,000 


260 


1,154,000 


605 


496,000 


830 


361,000 


270 


1,111,000 


610 


492,000 


835 


359,000 


280 


1,071,000 


015 


488,000 


840 


357,000 


290 


1,034,000 


620 


484,000 


845 


355,000 


300 


1,000,000 


625 


480,000 


860 


353.000 


310 


968,000 


630 


476,000 


855 


351,000 


320 


938.000 


635 


472,000 


860 


34i),000 


330 


900,000 


640 


469,000 


865 


347,000 


340 


883,000 


645 


465,000 


870 


345,000 


350 


857,000 


6.50 


462,000 


875 


343,000 


3S0 


834,000 


a55 


458,000 


880 


341,000 


370 


811,000 


600 


455,000 


885 


339,000 


380 


790,000 


665 


451,000 


890 


337,000 


390 


769,000 


670 


448,000 




333,000 


400 


750,000 


675 


444,000 


900 


333,000 


410 


732.000 


680 


441,000 


005 


331,000 


420 


715,000 


6H5 


438,000 


910 


330,000 


430 


698,000 


690 


435,000 


915 


328.000 


440 


682,000 


6!)5 


432,000 


920 


326,000 


450 


667,000 


700 


429,000 


925 


324,000 


460 


6.52,000 


7tt5 


420,000 


930 


323,000 


470 


639,000 


710 


423,000 


933 


321,000 


480 


625,000 


715 


420,000 


940 


319,000 


490 


612,000 


720 


417,000 


945 


317,000 


500 


600,000 


725 


414,000 


9.50 


316,000 


505 


594,000 


730 


411,000 


955 


314.000 


610 


588,000 


735 


408,000 


960 


313.000 


615 


583,000 


740 


405,000 


965 


311,000 


520 


577,000 


743 


403,000 


970 


309.000 
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FABLE I 


— {Continued] 


) 




Meters 


Frequency 


Meters 


Frequency 


Me^jen 


Frequency 


975 
980 
985 
990 
995 


308,000 
306,000 
305,000 
303,000 
302,000 


1400 
1410 
1420 
1430 
1440 


214,300 
212,800 
211,300 
20^,800 
208,300 


1850 
1860 
1870 
1880 
1890 


162,200 
161,300 
160,400 
159,600 
158,700 


1000 
1010 
1020 
1030 
1040 


300,000 
297,100 
294,200 
291,300 
288,500 


1450 
1460 
1470 
1480 
1490 


206,900 
205,500 
204,100 
202,700 
201,300 


1900 
1910 
1920 
1930 
1940 


157,900 
157,100 
156,300 
155,400 
154,600 


1050 
1060 
1070 
1080 
1090 


285,700 
283,000 
280,400 
277,800 
275,200 


1500 
1510 
1520 
1530 
1540 


200,000 
198,700 
197,400 
196,100 
194,800 


1950 
1960 
1970 
1980 
1990 


153,800 
153,100 
152,300 
151,500 
150,800 


1100 
1110 
1120 
1130 
1140 


272,700 
270,300 
267,900 
265,500 
263,200 


1550 
1560 
1570 
1580 
1590 


193,500 
192,300 
191,100 
189,900 
188,700 


2000 
2020 
2040 
2060 
2080 


150,000 
148,500 
147,100 
145,600 
144,200 


1150 
1160 
1170 
1180 
1190 


260,900 
258,600 
256,400 
254,200 
252,100 


1600 
1610 
1620 
1630 
1640 


187,500 
186,300 
185,100 
184,000 
182,900 


2100 
2120 
2140 
2160 
2180 


142,900 
141,500 
140,200 
138,900 
137,600 


1200 
1210 
1220 
1230 
1240 


250,000 
247,900 
245,900 
243,900 
241,900 


1650 
1660 
1670 
1680 
1690 


181,800 
180,700 
179,600 
178,500 
177,400 


2200 
2220 
2240 
2260 
2280 


136,400 
135,100 
133,900 
132,700 
131,600 


1250 
1260 
1270 
1280 
1290 


240,000 
238,100 
236,200 
234,400 
232,600 


1700 
1710 
1720 
1730 
1740 


176,400 
175,400 
174,400 
173,400 
172,400 


2300 
2320 
2340 
2360 
2380 


130,400 
129,300 
128,200 
127,100 
126,000 


1300 
1310 
1320 
1330 
1340 


230,800 
229,000 
227,300 
225,600 
223,900 


1750 
1760 
1770 
1780 
1790 


171,400 
170,500 
169,500 
168,500 
167,600 


2400 
2420 
2440 
2460 
2480 


125,000 
124,000 
122,900 
121,900 
121,000 


1350 
1360 
1370 
1380 
1390 


222,200 
220,600 
219,000 
217,400 
215,800 


1800 
1810 
1820 
1830 
1840 


166,700 
165,700 
164,800 
163,900 
163,000 


2500 
2520 
2540 
2560 
2580 


120,000 
119,000 
118,100 
117,200 
116,300 
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TABLE l—{C(mtinued) 



Meters 


Frequency 


Meters 


Frequency 


Meters 


IVequeney 


2600 


115,400 


3500 


85,700 


4400 


68,200 


2620 


114,500 


3520 


85,300 


4420 


67,900 


2640 


113,600 


3540 


84,800 


4440 


67,600 


2660 


112,800 


3560 


84,300 


4460 


67,300 


2680 


111,900 


3580 


83,800 


4480 


67,000 


2700 


111,100 


3600 


83,400 


4500 


66,700 


2720 


110,300 


3620 


82,900 


4520 


66,400 


2740 


109,500 


3640 


82,400 


4540 


66,100 


2760 


108,700 


3660 


82,000 


4560 


65,800 


2780 


107,900 


3680 


81,500 


4580 


65,500 


2800 


107,100 


3700 


81,100 


4600 


65,200 


2820 


106,400 


3720 


80,700 


4620 


65,000 


2840 


105,600 


3740 


80,200 


4640 


64,700 


2860 


104,900 


3760 


79,800 


4660 


64,400 


2880 


104,200 


3780 


79,400 


4680 


64,100 


2900 


103,400 


3800 


79,000 


4700 


63,900 


2920 


102,700 


3820 


78,600 


4720 


63,600 


2940 


102,000 


3840 


78,200 


4740 


63,300 


2960 


101,300 


3860 


77,700 


4760 


63,000 


2980 


100,700 


3880 


77,300 


4780 


62,800 


3000 


100,000 


3900 


76,900 


4800 


62,500 


3020 


99,400 


3920 


76,500 


4820 


62,300 


3040 


98,700 


3940 


76,200 


4840 


62,000 


3060 


98,100 


3960 


75,800 


4860 


61,800 


3080 


97,400 


3980 


75,400 


4880 


61,500 


3100 


96,800 


4000 


75,000 


4900 


61,200 


3120 


96,200 


4020 


74,700 


4920 


61,000 


3140 


95,600 


4040 


74,300 


4940 


60,800 


3160 


95,000 


4060 


73,900 


4960 


60,500 


3180 


94,400 


4080 


73,600 


4980 


60,300 


3200 


93,800 


4100 


73,200 


5000 


60,000 


3220 


93,200 


4120 


72,800 


5050 


59,400 


3240 


92,600 


4140 


72,500 


5100 


58,800 


3260 


92,000 


4160 


72,100 


5150 


58,300 


3280 


91,500 


4180 


71,800 


5200 


57,700 


3300 


90,900 


4200 


71,500 


5250 


57,200 


3320 


90,400 


4220 


71,100 


5300 


56,600 


3340 


89,800 


4240 


70,800 


5350 


56,100 


3360 


89,300 


4260 


70,400 


5400 


55,600 


3380 


88,800 


4280 


70,100 


5450 


55,100 


3400 


88,300 


4300 


69,800 


5500 


54,600 


3420 


87,700 


4320 


69,500 


5550 


54,100 


3440 


87,200 


4340 


69,100 


5600 


53,600 


3460 


86,700 


4360 


68,800 


5650 


53,100 


3480 


86,200 


4380 


68,500 


5700 


52,700 
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TABLE l—{C<miinited) 



M«tera 


Frequency 


MeCen 


Frequency 


Meten 


Y^..^ 


6750 


52,200 


8000 


37,500 


10500 


28,600 


saoo 


51,700 


8050 


37,300 


10600 


28,300 


5850 


51,300 


8100 


37,000 


10700 


28,000 


5900 


50,900 


8150 


36,800 


10800 


27,800 


5950 


50,400 


8200 


36,600 


10900 


27,500 


6000 


50,000 


8250 


36,400 


11000 


27,300 


6050 


49,600 


8300 


36,100 


11100 


27,000 


6100 


49,200 


8350 


35,900 


11200 


26,800 


6150 


48,800 


8400 


35,700 


11300 


26,500 


6200 


48,400 


8450 


35,500 


11400 


26,300 


6250 


48,000 


8500 


35,300 


11600 


26,100 


6300 


47,600 


8550 


35,100 


11600 


25,900 


6350 


47,200 


8600 


34,900 


11700 


25,600 


6400 


46,900 


8650 


34,700 


11800 


25,400 


6450 


46,500 


8700 


34,500 


11900 


25,200 


6500 


46,200 


8750 


34,300 


12000 


25,000 


6550 


45,800 


8800 


34,100 


13100 


24,800 


6000 


45,500 


8850 


33,900 


12200 


24,600 


6650 


45,100 


8900 


33,700 


12300 


24,400 


6700 


44,800 


8950 


33,500 


12400 


24,200 


6750 


44,400 


9000 


33,300 


12500 


24,000 


6800 


44,100 


9050 


33,100 


12600 


23,800 


6850 


43,800 


9100 


33,000 


12700 


23,600 


6900 


43,500 


9150 


32,800 


12800 


23,400 


6950 


43,200 


91'00 


32,600 


12900 


23,300 


7000 


42,900 


9250 


32,400 


13000 


23,100 


7050 


42,600 


9300 


32,300 


13100 


22,900 


7100 


42,300 


93.50 


32,100 


13200 


22,700 


7150 


42,000 


9400 


31,900 


13300 


22,600 


7200 


41,700 


9450 


31,700 


13400 


22,400 


7250 


41 .400 


9500 


31,600 


13500 


22,200 


7300 


41,100 


9550 


31,400 


13600 


22,100 


7350 


40,800 


9600 


31,300 


13700 


21,900 


7400 


40,500 


9650 


31,100 


13800 


21,700 


7450 


40,300 


9700 


30,900 


13900 


21,600 


7500 


40,000 


9750 


30,800 


14000 


21,400 


7550 


39,700 


9800 


30,600 


14100 


21,300 


7600 


39,500 


9850 


30,600 


14200 


21,100 


7650 


39,200 


9900 


30,300 


14300 


21,000 


7700 


39,000 


9950 


30,200 


14400 


20,800 


7750 


38,700 


10000 


30,000 


14500 


30,700 


7800 


38,500 


10100 


29,700 


14600 


20,600 


7850 


38,200 


10200 


29,400 


14700 


20,400 


7900 


38,000 


10300 


29,100 


14800 


20,300 


7960 


37,700 


10400 


28,800 


14900 


20,100 
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Design Data 

TABLE I— (Continued) 



Meters 


Frequency 


Meters 


Frequency 


Meters 


Frequency 


15000 


20,000 


18700 


16,040 


24800 


12,100 


15100 


19,870 


18800 


15,960 


25000 


12,000 


15200 


19,740 


19800 


15,870 


25200 


11,900 


15300 


19,610 


190C0 


15,790 


25400 


11,810 


15400 


19,480 


19100 


15,710 


25600 


11,720 


15500 


19,350 


19200 


15,630 


25800 


11,630 


15600 


19,230 


19300 


15,540 


26000 


11,540 


15700 


19,110 


19400 


15,460 


26200 


11,450 


15800 


18,990 


19500 


15,380 


26400 


11,360 


15900 . 


18,870 


19600 


15,310 


26600 


11,280 


16000 


18,750 


19700 


15,230 


26800 


11,190 


16100 


18,630 


19800 


15,150 


27000 


11,110 


16200 


18,510 


19900 


15,080 


27200 


11,030 


16300 


18,400 


20000 


15,000 


27400 


10,950 


16400 


18,290 


20200 


14,850 


27600 


10,870 


16500 


18,180 


20400 


14,710 


27800 


10,790 


16600 


18,070 


20600 


14,560 


28000 


10,710 


16700 


17,960 


20800 


14,420 


28200 


10,640 


16800 


17,850 


21000 


14,290 


28400 


10,560 


16900 


17,740 


21200 


14,150 


28600 


10,490 


17000 


17,640 


21500 


14,020 


28800 


10,420 


17100 


17,540 


21600 


13,890 


29000 


10,340 


17200 


17,440 


21800 


13,760 


29200 


10,270 


17300 


17,340 


22000 


13,640 


29400 


10,200 


17400 


17,240 


22200 


13,510 


2960C 


10,130 


17500 


17,140 


22400 


13,390 


29800 


10,070 


17600 


17,050 


22600 


13,270 


30000 


10,000 


17700 


16,950 


22800 


13,160 


31000 


9,680 


17800 


16,850 


23000 


13,040 


32000 


9,380 


17900 


16,760 


23200 


12,930 


33000 


9,090 


18000 


16,670 


23400 


12,820 


34000 


8,830 


18100 


16,570 


23600 


12,710 


35000 


8,570 


18200 


16,480 


23800 


12,600 


36000 


8,340 


18300 


16,390 


24000 


12,500 


37000 


8,110 


18400 


16,300 


24200 


12,400 


38000 


7,900 


18500 


16,220 


24400 


12,290 


39000 


7,690 


18600 


16,130 


24600 


12,190 
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TABLE 11— Wave-length 


WITH C mfd. AND L cms. 


C mfd. 


l»000cms. 


2,000 cms. 


3,000 rms. 


4,000 cms. 


5.000 cim. 


0.0001 


19 


27 


33 


38 


42 


0.0002 


27 


38 


46 


53 


60 


0.0003 


33 


46 


57 


65 


73 


0.0004 


38 


53 


65 


75 


84 


0.0005 


42 


60 


73 


84 


94 


0.0006 


46 


65 


80 


92 


103 


0.0007 


50 


71 


86 


100 


112 


0.0008 


53 


75 


92 


107 


119 


0.0009 


57 


80 


98 


113 


126 


0.0010 


60 


84 


103 


119 


133 


0.0011 


63 


88 


108 


125 


140 


0.0012 


65 


92 


113 


131 


146 


0.0013 


68 


96 


118 


136 


152 


0.0014 


70 


100 


122 


141 


158 


0.0015 


73 


103 


126 


146 


163 


0.0016 


75 


107 


131 


150 


169 


0.0017 


78 


110 


135 


155 


174 


0.0018 


80 


113 


139 


160 


179 


0.0019 


82 


116 


142 


164 


184 


0.0020 


84 


119 


146 


169 


188 



c 


6,000 


7.000 


8,000 


9,000 


10.000 


0.0001 


46 


50 


53 


57 


60 


0.0002 


65 


71 


75 


80 


84 


0.0003 


80 


86 


92 


98 


103 


0.0004 


92 


100 


107 


113 


119 


0.0005 


103 


112 


119 


126 


133 


0.0006 


113 


122 


131 


139 


146 


0.0007 


122 


132 


141 


150 


158 


0.0008 


131 


141 


151 


160 


169 


0.0009 


139 


150 


160 


170 


179 


0.0010 


146 


158 


169 


179 


188 


0.0011 


153 


165 


177 


188 


198 


0.0012 


160 


173 


185 


196 


206 


0.0013 


166 


180 


192 


204 


215 


0.0014 


173 


187 


199 


212 


223 


0.0015 


179 


193 


206 


219 


231 


0.0016 


185 


199 


213 


226 


238 


0.0017 


190 


206 


220 


233 


246 


0.0018 


196 


212 


226 


240 


253 


0.0019 


201 


217 


232 


246 


260 


0.0020 


206 


223 


238 


253 


267 
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Design Data 

TABLE II— (Continued) 



0.0001 
0.0002 
0.0003 
0.0004 
0.0005 

0.0006 
0.0007 
0.0008 
0.0009 
0.0010 

0.0011 
0.0012 
0.0013 
0.0014 
0.0015 

0.0016 
0.0017 
0.0018 
0.0019 
0.0020 



12»000 



14,000 



65 

92 

113 

131 

146 

160 
173 
185 
196 
206 

217 
226 
235 
244 
253 

261 
269 

277 
285 
292 



71 
100 
122 
141 
158 

173 
187 
199 
212 
223 

234 
244 
254 
264 
273 

282 
291 
299 
307 
315 



16,000 



18,000 



75 
107 
131 
151 
169 

185 
199 
213 
226 
238 

250 
261 
272 
282 
292 

302 
311 
320 
329 
337 



80 
113 
139 
160 
179 

196 
212 
226 
240 
253 

265 
277 
288 
299 
310 

320 
330 
339 
349 
358 



20,000 



84 
119 
146 
169 

188 

206 
223 
238 
253 
267 

280 
292 
304 
315 
326 

337 
348 
358 
367 
377 



1 c 


25,000 


80,000 


40,000 


60,000 


60,000 


0.0001 


94 


103 


119 


133 


146 


0.0002 


133 


146 


169 


188 


206 


0.0003 


163 


179 


206 


231 


253 


0.0004 


188 


206 


238 


267 


292 


0.0005 


211 


231 


267 


298 


326 


0.0006 


231 


253 


292 


326 


358 


0.0007 


249 


273 


315 


353 


386 


0.0008 


267 


292 


337 


377 


413 


0.0009 


283 


310 


358 


400 


438 


0.0010 


298 


326 


377 


421 


462 


O.OOll 


313 


342 


395 


442 


484 


0.0012 


326 


358 


413 


462 


506 


0.0013 


340 


372 


430 


481 


526 


0.0014 


353 


386 


446 


499 


546 


0.0015 


365 


400 


462 


516 


565 


0.0016 


377 


413 


477 


533 


584 


0.0017 


389 


426 


491 


550 


602 


0.0018 


400 


438 


506 


565 


610 


0.0019 


411 


450 


520 


581 


637 


0.0020 


421 


462 


533 


596 


653 
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TABLE 11— (ConHnued) 



c 


70,000 


80,000 


90,000 


100,000 


120,000 


0.0001 


158 
223 
273 
315 
353 

386 
417 
446 
473 
499 

523 
546 
569 
590 
611 

631 
650 
669 
687 
705 


169 
238 
292 
337 
377 

413 
446 
477 
506 
533 

559 
584 
611 
631 
653 

674 
695 
715 
735 
754 


179 
253 
310 
358 
400 

438 
473 
506 
536 
565 

593 
619 
645 
669 
690 

715 
737 
759 
780 
800 


188 
267 
326 
377 
421 

462 
499 
533 
565 
596 

625 
653 
680 
705 
730 

754 

777 
800 
822 
843 


206 


0.0002 


292 


0.0003 


358 


0.0004 


413 


0.0005 


462 


0.0006 


506 


0.0007 


546 


0.0008 


584 


0.0009 


619 


0.0010 


653 


0.0011 


685 


0.0012 


715 


0.0013 


744 


0.0014 


772 


0.0015 


800 


0.0016 


826 


0.0017 


851 


0.0018 


876 


0.0019 


900 


0.0020 


923 







C 


140,000 


160,000 


180,000 


200,000 


260,000 


0.0001 


223 
315 
386 
446 
499 

546 
590 
631 
669 
705 

740 
772 

804 
834 
864 

892 
920 
946 
972 
997 


238 
337 
413 

477 
533 

584 
631 
674 
715 
754 

791 
826 
859 
892 
923 

954 

983 

1,011 

1,041 

1,066 


253 
358 
438 
506 
565 

619 
669 
715 
759 
800 

839 
876 
912 
946 
979 

1,011 
1,042 
1,073 
1,102 
1,131 


267 
377 
462 
533 
596 

653 
705 
754 
800 
843 

884 
923 
961 
997 
1,032 

1,066 
1,099 
1,131 
1,162 
1,192 


298 


0.0002 


421 


0.0003 


516 


0.0004 


596 


0.0005 


666 


0.0006 


730 


0.0007 


789 


0.0008 


843 


0.0009 


894 


0.0010 


942 


0.0011 


1,075 


0.0012 


1,032 


0.0013 


1,075 


0.0014 


1,115 


0.0015 


1,154 


0.0016 

0.0017...* 


1,192 
1,229 


0.0018 


1,264 


0.0019 


1,299 


0.0020 


1,333 
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Design Data 

TABLE 11— (Continued) 




0.0001 
0.0002 
0.0003 
0.0004 
0.0005 

0.0006 
0.0007 
0.0008 
0.0009 
0.0010 

0.0011 
0.0012 
0.0013 
0.0014 
0.0015 

0.0016 
0.0017 
0.0018 
0.0019 
0.0020 



300,000 



326 
462 
566 
653 
730 

800 
864 
923 
979 
1,032 

1,083 
1,131 
1,177 
1,221 
1,264 

1,306 
1,346 
1,385 
1,423 
1,460 



400,000 



377 
533 
653 
754 
843 

923 

997 

1,066 

1,131 

1,192 

1,250 
1,306 
1,359 
1,410 
1,460 

1,509 
1,554 
1,599 
1,643 
1,686 



500,000 



421 
596 
730 
843 
942 

1,032 
1,115 
1,192 
1,264 
1,333 

1,398 
1,460 
1,520 
1,577 
1,632 

1,686 
1,737 

1,788 
1,837 

1,885 



600,000 



462 
653 
800 
923 
1,032 

1,131 
1,221 
1,306 
1,385 
1,460 

1,531 
1,599 
1,665 
1,727 

1,788 

1,846 
1,904 
1,959 
2,012 
2,065 



700,000 



499 
705 
864 
997 
1,115 

1,221 
1,320 
1,410 
1,496 
1,577 

1,654 
1,727 
1,798 
1,866 
1,932 

1,995 
2,056 
2,116 
2,174 
2,230 



c 


800,000 


900,000 


1,000,000 


1,200,000 


1,400,000 


0.0001 

0.0002 

0.0003 

0.0004 

0.0005 

0.0006 

0.0007 

0.0008 J 


533 

754 

923 

1,066 

1,192 

1,306 
1,410 
1,509 
1,599 
1,686 

1,768 
1,846 
1,922 
1,995 
2,065 

2,133 
2,198 
2,262 
2,324 
2,384 


565 

800 

979 

1,131 

1,264 

1,385 
1,496 
1,599 
1,696 
1,788 

1,875 
1,959 
2,039 
2,116 
2,190 

2,262 
2,332 
2,399 
2,465 
2,529 


596 

843 

1,032 

1,192 

1,333 

1,460 
1,577 
1,686 

1,788 
1,885 

1,977 
2,065 
2,149 
2,230 
2,308 

2,384 
2,457 
2,529 
2,598 
2,665 


653 

923 

1,131 

1,306 

1,460 

1,599 
1,727 
1,846 
1,959 
2,065 

2,165 
2,262 
2,354 
2,443 
2,529 

2,612 
2,692 
2,770 
2,846 
2,920 


705 

997 

1,221 

1,410 

1,577 

1,727 
1,866 
1,995 


0.0009 

0.0010 

0.0011 

0.0012 

0.0013 

0.0014 

0.0015 

0.0016 

0.0017 

0.0018 

0.0019 

0.0020 


2,116 
2,230 

2,339 
2,443 
2,543 
2,639 
2,732 

2,821 
2,908 
2,992 
3,074 
3,154 
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TABLE 11— (Continued) 






c 


1,600,000 


1,800,000 


2,000,000 


2,500,000 


3,000,000 


0.0001 

0.0002 

U . UiJUo 

0.0004 

0.0005 

0.0006 

0.0007 

0.0008 

0.0009 

0.0010 

0.0011 

0.0012 

0.0013 

0.0014 

0.0015 

0.0016 

0.0017 

0.0018 

0.0019 

0.0020 


754 
1,066 
1,306 
1,509 
1,686 

1,846 
1,995 
2,133 
2,262 
2,384 

2,500 
2,612 

2,718 
2,821 
2,920 

3,016 
3,108 
3,199 
3,286 
3,372 


800 
1,131 
1,385 
1,599 

1,788 

1,959 
2,116 
2,262 
2,399 
2,529 

2,652 
2,770 
2,883 
2,992 
,3,097 

3,199 
3,297 
3,392 
3,485 
3,576 


843 
1,192 
1,460 
1,686 
1,885 

2,065 
2,230 
2,384 
2,529 
2,665 

2,795 
2,920 
3,039 
3,154 
3,264 

3,372 
3,475 
3,576 
3,674 
3,770 


942 
1,333 
1,632 

1,885 
2,108 

2,308 
2,493 
2,665 

2,827 
2,980 

3,125 
3,264 * 
3,398" * 
3,526 
3,650 

3,770 
3,885 
3,998 
4,108 
4,214 


1,032 
1,460 
1,788 
2,065 
2,308 

2,529 
2,732 
2,920 
3,097 
3,264 

3,424 
3,576 
3,722 
3,863 
3,998 

4,129 
4,256 
4,379 
4,500 
4,617 



c 


4,000,000 


5,000,000 


6,000,000 


7,000,000 


8,000,000 


0.0001 

0.0002 

0.0003 

0.0004 

0.0005 

0.0006 

0.0007 

0.0008 

0.0009 

0.0010 

0.0011 

0.0012 

0.0013 

0.0014 

o.oai5 

0.0016 

0.0017 

0.0018 

0.0019 

0.0020 


1,192 
1,686 
2,065 
2,384 
2,665 

2,920 
3,154 
3,372 
3,576 
3,770 

3,953 
4,129 
4,298 
4,460 
4,617 

4,768 
4,915 
5,057 
5,196 
5,331 


1,333 
1,885 
2,308 
2,665 
2,980 

3,264 
3,526 
3,770 
4,000 
4,214 

4,420 
4,617 
4,805 
4,987 
5,161 

5,331 
5,495 
5,654 
5,809 
5,960 


1,460 
2,065 
2,529 
2,920 
3,264 

3,578 
3,863 
4,129 
4,379 
4,617 

4,842 
5,057 
5,264 
5,462 
5,654 

5,840 
6,020 
6,192 
6,365 
6,529 


1,577 
2,230 
2,732 
3,154 
3,526 

3,863 
4,172 
4,460 
4,731 

4,987 

5,230 
5,462 
5,685 
5,900 
6,109 

6,306 
6,502 
6,693 
6,872 
7,052 


1,686 
2,384 
2,920 
3,372 
3,770 

4,129 
4,460 
4,768 
5,057 
5,331 

5,591 
5,840 
6,109 
6,306 
6,529 

6,741 
6,949 
7,152 
7,348 
7,539 
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Design Data 

TABLE 11— (ConHnued) 



c 


9,000,000 


10,000,000 


12,000,000 


14,000,000 


16,000,000 


0.0001.... 


1,788 


1,885 


2,065 


2,230 


2,384 


0.0002.... 


2,529 


2,665 


2,920 


3,154 


3,372 


0.0003.... 


3,097 


3,264 


3,576 


3,863 


4,129 


0.0004.... 


3,576 


3,770 


4,129 


4,460 


4,768 


0.0005.... 


3,998 


4,214 


4,617 


4,987 


5,331 


0.0006 


4,379 


4,617 


5,057 


5,462 


5,840 


0.0007.... 


4,731 


4,987 


5,462 


5,900 


6,306 


0.0008.... 


5,057 


5,331 


5,840 


6,306 


6,741 


0.0009.... 


5,364 


5,654 


6,192 


6,693 


7,152 


0.0010.... 


5,654 


5,960 


6,529 


7,052 


7,539 


0.0011.... 


5,930 


6,251 


6,848 


7,396 


7,909 


0.0012 


6,192 


6,529 


7,152 


7,724 


8,261 


0.0013.... 


6,449 


6,796 


7,444 


8,040 


8,594 


0.0014.... 


6,693 


7,052 


7,724 


8,344 


8,922 


0.0015.... 


6,902 


7,299 


7,996 


8,637 


9,233 


0.0016.... 


7,152 


7,539 


8,261 


8,922 


9,536 


0.0017.... 


7,373 


7,771 


8,511 


9,196 


9,828 


0.0018.... 


7,587 


7,996 


8,761 


9,459 


10,110 


0.0019.... 


7,796 


8,215 


9,000 


9,721 


10,410 


0.0020.... 


7,996 


8,429 


9,230 


9,973 


10,660 



C 


18,000,000 


20,000,000 


25,000,000 


30,000,000 


40.000,000 


0.0001.... 


2,529 


2,665 


2,980 


3,264 


3,770 


0.0002.... 


3,576 


3,770 


4,214 


4,617 


5,331 


0.0003.... 


4,379 


4,617 


5,161 


5,659 


6,529 


0.0004.... 


5,057 


5,331 


5,960 


6,529 


7,539 


0.0005.... 


5,654 


5,960 


6,663 


7,299 


8,429 


0.0006.... 


6,192 


6,529 


7,299 


7,996 


9,233 


0.0007.... 


6,693 


7,052 


7,885 


8,637 


9,973 


0.0008.... 


7,152 


7,539 


8,429 


9,233 


10,660 


0.0009.... 


7,587 


7,996 


8,940 


9,794 


11,310 


0.0010.... 


7,996 


8,429 


9,423 


10,320 


11,920 


0.0011.... 


8,386 


S,840 


10,750 


10,830 


12,500 


0.0012.... 


8,761 


9,233 


10,320 


11,310 


13,060 


0.0013.... 


9,119 


9,611 


10,750 


11,770 


13,590 


0.0014.... 


9,459 


9,973 


11,150 


12,210 


14,100 


0.0015.... 


9,794 


10,320 


11,540 


12,640 


14,600 


0.0016.... 


10,110 


10,660 


11,920 


13,060 


lf,090 


0.0017.... 


10,420 


10,990 


12,290 


13,460 


ir,M0 


0.0018.... 


10,730 


11,310 


12,640 


13,850 


l.'=^,r;f0 


0.0019.... 


11,020 


11,620 


12,9P0 


14,230 


16,430 


0.0020.... 


11,310 


11,920 


13,330 


14,600 


16.860 
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TABLE 11— (Continued) 



c 


60,000,000 


60,000,000 


70,000,000 


80,000,000 


90,000,000 


0.0001.... 
0.0002.... 
0.0003.... 
0.0004.... 
0.0005.... 


4,214 
5,960 
7,299 
8,429 
9,423 


4,617 
6,529 
7,996 
9,233 
10,320 


4,987 
7,052 
8,637 
9,973 
11,150 


5,331 

7,539 

9,233 

10,660 

11,920 


5,654 

7,996 

9,794 

11,310 

12,640 


0.0006 

0.0007 

0.0008.... 
0.0009.... 
0.0010.... 


10,320 
11,150 
11,920 
12,640 
13,330 


11,310 
12,210 
13,060 
13,850 
14,600 


12,210 
13,200 
14,100 
14,960 
15,770 


13,060 
14,100 
15,090 
15,990 
16,860 


13,850 
14,960 
15,990 
16,960 
17,880 


0.0011.... 
0.0012.... 
0.0013.... 
0.0014.... 
0.0015.... 


13,980 
14,600 
15,200 
15,770 
16,320 


15,310 
15,990 
16,650 
17,270 
17,880 


16,540 
17,270 
17,980 
18,660 
19,320 


17,680 
18,460 
19,220 
19,950 
20,650 


18,760 
19,590 
20,390 
21,160 
21,900 


0.0016.... 
0.0017.... 
0.0018.... 
0.0019.... 
0.0020.... 


16,860 
17,370 
17,880 
18,370 
18,850 


18,460 
19,040 
19,590 
20,120 
20,650 


19,950 
20,560 
21,160 
21,740 
22,300 


21,330 
21,980 
22,620 
23,240 
23,840 


22,620 
23,320 
23,990 
24,650 
25,290 



C 


100,000,000 


120,000,000 


140,000,000 


160,000,000 


180,000,000 


0.0001... . 
0.0002.... 
0.0003.... 
0.0004.... 
0.0005.... 


5,960 

8,429 

10,320 

11,920 

13,330 


6,529 

9,233 

11,310 

13,060 

14,600 


7,052 

9,973 

12,210 

14,100 

15,770 


7,539 
10,660 
13,060 
15,090 
16,860 


7,996 
11,310 
13,850 
15,990 
17,880 


0.0006.... 
0.0007.... 
0.0008... . 
0.0009.... 
0.0010.... 


14,600 
15,770 
16,860 
17,880 
18,850 


15,990 
17,270 
18,460 
19,590 
20,650 


17,270 
18,660 
19,950 
21,160 
22,300 


18,460 
19,950 
21,330 
22,620 
23,840 


19,590 
21,160 
22,620 
23,990 
25,290 


0.0011.... 
0.0012.... 
0.0013... . 
0.0014.... 
0.0015... . 


19,770 
20,650 
21,490 
22,300 
23,080 


21,650 
22,620 
23,540 
24,430 
25,290 


23,390 
24,430 
25,430 
26,390 
27,320 


25,000 
26,120 
27,180 
28,210 
29,200 


26,520 
27,700 
28,830 
29,920 
30,970 


0.0016 

0.0017.... 
0.0018.... 
0.0019.... 
0.0020.... 


23,840 
24,570 
25,290 
25,980 
26,650 


26,120 
26,920 
27,700 
28,460 
29,200 


28,210 
29,080 
29,920 
30,740 
31,540 


30,160 
31,080 
31,990 
32,860 
33,720 


31,990 
32,8r0 
33,720 
34,850 
35,760 
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TABLE II— (Continued) 



c 


200,000,000 


260,000,000 


300,000,000 


400,000,000 


500,000,000 


0.0001.... 
0.0002.... 
0.0003.... 
0.0004.... 
0.0005.... 


8,429 
11,920 
14,600 
16,860 
18,850 


9,423 
13,330 
16,320 
18,850 
21,080 


10,320 
14,600 
17,880 
20,650 
23,080 


11,920 
16,860 
20,650 
23,840 
26,650 


13,330 
18,850 
23,080 
26,650 
29,800 


0.0006.... 
0.0007.... 
0.0008.... 
0.0009.... 
0.0010.... 


20,650 
22,300 
23,840 
25,290 
26,650 


23,080 
24,930 
26,650 
28,270 
29,800 


25,290 
27,320 
29,200 
30,970 
32,640 


29,200 
31,540 
33,720 
35,760 
37,700 


32,640 
35,260 
37,700 
39,980 
42,140 


0.0011.... 
0.0012.... 
0.0013.... 
0.0014.... 
0.0015.... 


27,950 
29,200 
30,390 
31,540 
32,640 


31,250 
32,640 
33,980 
35,260 
36,500 


34,240 
35,760 
37,220 
38,630 
39,980 


39,530 
41,290 
42,980 
44,600 
46,170 


44,200 
46,170 
48,050 
49,870 
51,610 


0.0016.... 
0.0017.... 
0.0018.... 
0.0019.... 
0.0020.... 


33,720 
34,750 
35,760 
36,740 
37,770 


37,700 
38,850 
39,980 
41,080 
42,140 


41,290 
42,560 
43,790 
45,000 
46,170 


47,680 
49,150 
50,570 
51,960 
53,310 


53,310 
54,950 
56,540 
58,090 
59,600 



To determine the wave-length resulting from a given 
combination of inductance and capacity, locate the value 
of L at the top of the table, and run down the column 
until opposite the C required. 

Wave-length can be calculated by the formula 

X = 59.6VTC (3) 

^'^ = 355^ (^^ 

^^^ = 35521 (^^ 

4. FREQUENCY, INDUCTANCE, CAPACITY. 

Frequency, corresponding to given values of L and C, 
can be found by determining the wave-length, Table 2, 
and the frequency corresponding to that wave-length. 
Table 1. Or, if desired, the wave-length can be deter- 
mined from (3) and the frequency from (1). 
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5. nroUCTAMCE IN CffiCCIT. 

Formulas for wave-length are for the total amount of 

inductance in the circuit. Thus, if inductances are in 

series or parallel, the resultant value must be found and 

substituted in the wave-length formula. 

A. Ifon-coupled inductances in series. The total L 
when two or more inductances are in series is the sum 




Fig. 1. — Uutual Inductance or Coupling can be Varied b; Changing 
flie Helative Position of Two Coils. 

of the inductances, if they are not coupled magnetically, 
°^ L = Li + Lj + U, etc (6) 

B. Coupled inductances in series. Two coupled 
coils in series, such as the coils of a variometer, give a total 
inductance, if the coils are aiding, of 

X = Li + Lj + 2 M, . . . . (7) 

or L = Xi + Li - 2 M (8) 

where the coils oppose each other. If connections be- 
tween the coils are such that the current passes as if 
through a continuous coil, the coils will be aiding. 

C. Coupled inductances in parallel. Two coupled 
coils in parallel, aiding, give a total inductance of 

_ L, XL.- M' 
^ - 1 — 1—7 iTT? ■ . . ■ W 



orL = 



ii + L, - 2 .W 
1, XU-iP 



(10) 



when they are opposing. 
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D. Non-coupled coils in parallel. Two coils in paral- 
lel, not coupled inductively, give a total inductance. 

'"lT+U- ■ ■ ■ 



(11) 



E. Mutual inductance. Two coupled coils, con- 
nected in series or parallel, have a certain value of mutual 
inductance between them, due to the coupling of the mag- 
netic lines of force, which increases or decreases the total 
inductance in the circuit, according to whether the coils 
aid or oppose each other. When two coils are in series, 
if they are aiding, 

L -Li-Lj 



M = 



(12) 



or, opposing, 



It is very difficult to calculate the mutual inductance 
between two coils except when they are of the same 




Fig. 3. — Wlien Calculating the Mutual Inductance of Coils of this 
Type, it is Considered Oiat a Continuous Winding Separates Them. 

diameter, have the same number of turns per inch, and 
are coaxial. Fig. 2 illustrates the method. The coib are 
separated by a distance La. The inductance Li is first 
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calculated as if the winding continued across the separ 
rating space. Ls is calculated as if it were wound with the 
same number of tum^ per inch as is used in the coils, 
Ls and L4 and determined in the same manner. Then 

Jf = Za + 1/2 - L3 - L4 . . . . (14) 
The change of inductance in a variometer is due to the 
varying mutual inductance between the coils as their rela- 
tive positions are varied. Mutual inductance is not con- 
sidered in designing loose couplers and similar instruments 
in which the coils are not connected together electrically. 

6. COEFFICIENT OF COUPLING. 

The amount of coupling between the coils, expressed in 
per cent., is 



K 



JIf* 



xioo 



(15) 



F, Measurement of inductance. The simplest way to 
measure inductance is to shunt around the coil a cali- 



Calibration Circuit 




Buzzer 



1 



1^ 



^ 






YJay/emefer 
Fig. 3. — Inductance or Capacity can be Measured by Means of 

this Circuit. 

brated condenser, exciting the circuit with a buzze? 
When the wave-length of the circuit is measured with a 
wave-meter, the inductance can be found, knowing the 
wave-length and capacity of the shunt condenser, by (4). 
Fig. 3 shows the connections. 
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7. CAPACITY IN CIRCUIT. 

As is the case with inductances, wave-length and similar 
formulas require the total capacity in the circuit. That 
is, if condensers are in series or parallel, the resultant 
capacity must be determined and substituted in the 
formulas. 

A. Condensers in series. Two condensers of the same 
capacity, wired in series, give a total capacity of 

C = ^1±^ (16) 

Two condensers of different capacities, in series, give 

1 

C = l_^l (17) 

Ci C2 

Where there are several different capacities. 



C = l , i. . A (18) 

1 02 03 

Table 3 shows the resultant capacity when two con- 
densers of various capacities are in series. 

B, Condensers in parallel. Two or more condensers 
in parallel give a resultant capacity equal to the sinn of 
the capacities. That is, 

C = Ci + (72 (19) 

C. Distributed capacity. Because of the difference in 
potential between the turns of a coil, an inductance pos- 
sesses a certain amount of local capacity. This distrib- 
uted capacity acts as a shunt condenser around the coil. 
However, the value is not considered in designing circuits, 
nor can it be calculated. In a well-designed inductance, 
the capacity value can be neglected. 

It is important to keep this capacity as low as possible 
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c..,„. 


O.OOOl 


0.o«r2 


O.OMii 


0,0001 


0.U006 


0,0001 


0.000050 


o.oooou 


0.00007 


0.00008 


O.OOOOS 


{).OO02 


0.000060 


0.00010 


0,00012 


0-00013 


0-00014 


0,0003 


0-0000/5 


0-00012 


0,00015 


0-00017 


0.00019 


0,0004 


0-000080 


0.00013 


0.00017 


0,00020 


0,00022 


0.0005 


0.0000S3 


0,00014 


0.(KX)19 


0-00022 


0.00025 


0.0006 


O-0O0OS(i 


0.00015 


O.OOCtiO 


0.00024 


0.00027 


0.0007 


O.OO0OS8 


O.(H)015 


0,00021 


0,00025 


0.00029 


0-0008 


0,000089 


O.lXIOll) 


0. 00022 


0.00026 


0,00031 


0,0009 


0.000090 


0,00016 


0.00023 


0.00027 


0.0(M)32 


0.0010 


0.000001 


0.00017 


•J. 00023 


0.00028 


0.00033 


0.0011 


0.000092 


0.00017 


0.00024 


0.00029 


O.OOftH 


0.0012 


0.000092 


0.00017 


0.00024 


0,00030 


0.00035 


0.0013 


0.000093 


0,00017 


00024 


o.oorai 


0.00036 




0.000093 


0,00018 


0.00025 


0.00031 


00037 


O.0015 


0.000094 


0.00018 


0.00025 


0.00032 


0,00038 


0.0016 


0.000094 


0,00018 


0.00025 


0.00032 


0.00039 


O.00I7 


0.000094 


0.00018 


0.00026 


0-00032 


0.00039 


0,0018 


0,000095 


0,00018 


0,00026 


0-00033 


0,00040 




0,000095 


O.OOOIS 


0.0002(1 


0.00033 


0.00040 


O.0O2O 


0.00009.J 


0.00018 


o.oooce 


0-00033 


OIHMO 






C^™,„ 


0.0006 


0-0007 


o.ooog 


0.O009 


0.001» 


0.0001 


0.00009 


0.00009 


0,00009 


0,00009 


0.00009 


0.0002 


0.00015 


0.00015 


0.00016 


0.00016 


0.00017 


0,0003 


0.00020 


0.00021 


0.00022 


0.00023 


0.00023 


O.OOOt 


0.00024 


0.00025 


0.00026 


0.00027 


0.00028 


0005 


0.00027 


0-00029 


0.00030 


0.00032 


0.00033 


0.0006 


0.00030 


0.00032 


0.00034 


0.00036 


0.000:t8 










0.00039 


0.00041 


0.0008 


0.00034 


0.00037 


0.00040 


0.00042 


0.O0O44 


0.0009 


0.00036 


0.00039 


0.00042 


0.00045 


0.00047 


0.0010 


0,00038 


0,00041 


0.O0O44 


0.00047 


0.00050 




0.00039 


0.00043 


O.O0O46 


00049 


0,00053 


0,0012 


0.00040 


0,00044 


0.00048 


O.O0O51 


0.00055 


0.0013 


0.00041 


0.00045 


0.00050 


0.00053 


0,00057 


0.0014 


0.00042 


0.00046 


0. 00051 


0.00055 


0.00058 


0-0015 


0.00043 


0,00047 


0.000,52 


0.00057 


0,00060 


0.0016 


0-00044 




0.00053 


0.00058 


0.00061 


0.0017 


00044 


0.00049 


0.00054 


0.00059 


0.00063 


0,0018 


00045 


0.00050 


0.00055 


0.00060 


0,00064 




0.00045 


0,00051 


0.000.56 






0.0020 


0.00046 


0.00052 


0.00057 


0.00062 


0.00066 
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as it causes a reduction of the signal strength and makes 
the tuning broad. 

D. Measurement of capacity. Capacity can be meas- 
ured in a manner similar to that in Section 5 P, except 
that a standard inductance is used instead of a calibrated 
condenser. Then the capacity of the condenser is given 

by (5). 



CHAPTER n 

RADIO ANTENNAS 

The present-day developments of radio telegraph has 
made it possible to obtain some results with almost any- 
thing for an antenna, from tin cans to wire fences, or even 
with no antenna at all. The radio experimenters, how- 
ever, are interested in more practical devices than bed-* 
spring or tree antennas. 

Radio antennas are generally divided into three classes, 
antennas, or structures of elevated wires, loop antennas, 
or coils not connected to the groimd, and condenser an- 
tennas, made up of elevated plates, not grounded. 

In making antenna circuit calculations, only the capac- 
ity of the antenna or condenser antenna is considered, 
while in the loop, only the inductance is considered. 

8. ANTENNAS. 

A. Single-wire t3rpes. The long, low, single wire is the 
best for receiving, though it is not as eflSicient for sending 
as the multi-wire types. Three sizes which have been 
standardized by the General Apparatus Company are 30 
feet high at each end, and 100, 200 and 300 feet long, 
known as the short, long, and super-range types. 

The short-range size is for 200-meter reception. The 
average capacity is 0.0002 mfd. 

A long-range antenna is for receiving commercial sta- 
tions up to 5,000 meters, although greater wave-lengths 
can be received by the use of large loading coils. The 
capacity is generally 0.0004 mfd. 

The super-range type is intended for long-wave recep- 
tion over great distances. Its capacity is approximately 
0.0005 mfd. 

21 
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B. V Types. Particularly for portable work, the United 
States Signal Corps has employed two wires stretched out 
at an agle of 60°. Such an antenna with wires 100 feet 
long, 20 feet above the ground, has a capacity of about 
0.0004 mfd. and gives good results. 

C. Multi-wire types. Although single-wire antennas 
can be used for sending, several horizontal wires give 
better results. The General Apparatus Company has 
adopted as a standard 200-meter antenna four wires 
2 feet apart, 80 feet long, and 30 feet high at both ends. 
The capacity is approximately 0.0005 mfd. 

It makes very Uttle difference whether the lead-in is 
brought from the center or end. When the antenna is 
erected on the roof of an apartment house, the height is 
taken as the elevation above the roof. 

D. Umbrella t3rpes. Essentially the umbrella type 
antenna is made of a wooden or metal mast, the 
wires of which form the antenna. If the mast is wooden, 
the wires are connected together near the ground, or if 
it is metal, the wires are connected to the mast. Galvan- 
ized iron drain pipe is often used for a mast as it is so 
light and easy to handle, yet sufficiently strong for mod- 
erate-size aerials. Oftentimes it is possible to mount the 
mast on the ridge pole of a house, running the wires to 
the ends of the ridge pole and to gables. 

This type is good for transmitting and receiving. 

9. LOOP ANTENNAS. 

The loop antenna, consisting of a coil or flat spiral, is 
used extensively for an indoor aerial, for direction finding, 
and for cutting down interference. While to equal the 
receiving or transmitting range of an antenna, it must 
approach the latter in size, very long distance work can 
be accomplished with an ampHfier and even with a single 
audion if the signals are from a high-powered station. 

A. Square-cage loop. The inductance of a square-cage 
loop can be determined with sufficient accuracy for design 
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purposes by the use of formula (27), in which the radius 

r, is taken as 

Length of one size X 1.2 ,^^. 

r = ^ 2 • • • (20) 

and diameter, d, as 

d = length of one side X 1.2 • . . (21) 

The other terms of equation (27) can be applied directly 
to the dimensions of the loop. 

B. Square flat loop. Formula (27) can be used for 
the approximate inductance of a square flat loop by sub- 
stituting the average radius for r, 

__ av. length of outer and inner side X 1.2 . . 

the average diameter for d, 

d = av. length of outer and inner sides X 1.2 . (23) 

the length, 1, as 

, outer side — inner side ,^^. 

I = 2 • • • (24) 

and the turns per inch, measured at right angles to one 
of the sides, for n, 

C. Leads. Connections to a loop antenna must be as 
short as possible, and arranged in such a way that there 
is no inductance or capacity effect to other conductors 
or grounded metal bodies. 

D. Capacity in loops. Distributed capacity in loop 
antennas causes a broadening of the tuning. Every ef- 
fort must be made, therefore, to keep the insulation of 
maximum value. Bare wire is generally used for the 
winding so that there will not be losses in the insulation. 
Bakelite supports, which do not absorb moisture, are nec- 
essary to support the wire. As an added precaution, cor- 
rugations or slots may be made between the grooves hold- 
ing the wire. Loops should be mounted indoors, so that 
no moisture or dust will collect on the supports. 

E. Directional distortion. Metal objects distort the 
radio waves, introducing errors in the directional indica- 
tions. Also, loops set up near the water are inaccurate. 
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As the distortion varies at different wave-lengths, correcj- 
tion tables must be made at different wave-lengths. 

10. CONDENSER ANTENNAS. 

Very little work has been done, up to the present time, 
on condenser antennas, so that no data is available. 
Antennas made up of two horizontal net works of wire, one 
over the other, both insulated from the ground, were used 
early in radio work. The recent developments are in the 
form of plates or copper screens, one acting as the antenna, 
and the other as the ground. The condenser is charged by 
the radio waves, discharging into the apparatus, in the case 
of a receiver, or conversely in the case of a transmitter. 

A. Experimental t3rpes. Experiments with small con- 
denser antennas have shown them equal for receiving 
purposes to a small loop. Plates have been used made 
of fine-mesh copper screen 10 feet square, separated 10 
or 12 inches. They were thoroughly insulated from the 
ground and from each other. 

11. AIRPLANE ANTENNAS. 

Airplane antennas are generally in the form of one or 
more trailing wires, with the stay wires and engine acting 
as the ground. Antennas erected laterally on the upper 
plane, or types having a short mast, have proved ineflSicient 
because of their low capacity and radiation resistance. 

A. Single trailing wire. The following data was taken 
with a single stranded cable trailing from lower wing, at 
the first rib from the left of the fuselage of a Curtiss 
JN machine flying at an altitude of 2,000 feet. 





Length 


Capacity 


Natural A 




of Wire 


in mfd. 


in Meters 




100 ft. 


0.000185 


165 




150 


0.000205 


185 




200 


0.000225 


215 




300 


0.000260 


275 




400 


0.000290 


350 




500 


0.000305 


435 




600 


0.000315 


525 
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Under the same conditions, these resistance measure- 
ments were taken. The values are the total resistance of 
the antenna, and not simply the radiation resistance. 



Length 

otWvre 

Feet 






Ohms 






250 X 


300 A 


400 A 


600 A 


600 A 


900 A 


100 


2.0 
10.3 

• • • • 

• • • • 

• • • • 

• • • • 


1.0 

6.0 

... 
... 
... 
... 


.0.6 
3.6 

8.5 

« • • 

• • • 

• • • 


• • • • 

2.4 

5.2 

11.0 

• • • • 

• • • • 


• • • • 

1.1 

3.6 

7.0 

12.3 

• • • • 




200 




300 


2.0 


400 


3.6 


500 


5.6 


600 


7.8 







The directive effect of a single trailing wire is shown 
by the data below. It will be noted that there is a slight 
distortion to the left, the side on which the antenna was 
fastened. The antenna was 500 feet long, and the meas- 
urements were taken under the conditions just described. 
The values of received energy represent the relative signal 
strength at a station one mile from the airplane. 



Direction 


Received Energy 


Dead ahead 


190 


30° left ahead 


205 


60"* left ahead 


200 


90** left 


105 


120° left astern 


20 


150° left astern 


5 


Dead astern 


8 


30° right ahead 


165 


60° right ahead 


130 


90° right 


80 


120° right astern 


33 


150° right 


13 



B. Two trailing wires. Greater eflBiciency has been 
obtained with two trailing wires, fastened to the struts 
of the machine, but broken by insulators 5 feet from the 
struts. Leads are brought off at the insulators to the 
fuselage. The wires and engme were used as a ground. 

In a series of tests with 40-feet, 50-feet, and 60-feet 
wires attached to the outer struts, the natural wave- 
length was found to be 65, 73, and 80 meters, with a re- 
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sistance at 100 meters of 2.3, 3.5, and 8.0 ohms respec- 
tively. When fastened to the inner struts the wave-length 
was 58, 70, and 77 meters, with a resistance of 2.25, 3.75, 
and 4 ohms respectively. 

Means were not at hand to measure the capacity, but 
it was found that capacity was less when the wires were 
secured to the inner struts. In the latter case, a varia- 
tion of capacity was noted when the machine w^as ascend- 
ing or descending steeply, probably due to the change in 
the relative position of the antenna wires and stay wires. 

The transmission ahead was approximately two times 
as good as astern. 

12. ANTENNA RESISTANCE. 

Like all other circuits, an antenna circuit contains a 
certain amount of resistance. There is a useful resist- 
ance, called radiation resistance, and a wasteful resistance, 
which must be kept as low as possible, due to losses in the 
circuit. 

A. Components of the antenna resistance. The resis- 
tance of an antenna is due to 

1. Useful 

(a) Loss of energy radiated C3 radio signals. 

2. Wasteful 

(a) Loss of energy in resistance of ground con- 
nections. 
(h) Poor insulation. 

(c) Corona discharges from overloaded antenna. 
{d) Dielectric absorption. 
(c) Absorption from near-by structures. 
(/) Loss in resistance cf conductors. 

B. Anteima resistance. The resistance of an antenna 
is equal to the resistance of a non-inductive circuit which 
will absorb the same amount of power. This value can 
be measured readily. 

C. Radiation resistance. The radiation resistance is 
equal to the resistance of a non-inductive circuit wliich 
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will absorb the same amount of power as is radiated by 
the antenna in radio signals. 

D. Ground resistance. The resistance of the ground 
connection and conductors is practically constant at 
varying frequencies. 

E. Dielectric Absorption. Power losses from dielectric 
absorption increase with the wave-length. If the w^ave- 
length reaches the natural period of a near-by structure, 
there will be a decided hump in the resistance wave-length 
curve. 

F. Static capacity. The capacity of an antenna, with 
no apparatus connected, is called the static capacity. 
This is the value of capacity used in designing antenna 
circuits. 

G. Natural wave-length. Since an antenna possesses 
inductance and capacity, it will oscillate at the correspond- 
ing wave-length, known as the natural wave-length, when 
it is excited by auxiliary means. 

H. Test data. The following measurements were made 
on a GO V type antenna 30 feet high, with each leg 100 
feet long. An inductance in series with the antenna and 
ground was varied to increase the length of the radiated 
waves. 

Natural X, 230 meters. 

Static capacity 0.000345 mfd. 

It should be noted that the useful resistance is greatest 



A 


Radiation 


Absorption 


Ground 


Total Antenna 


in meters 


Resistance 


Resistance 


Resistance 


Resistance 


250 


36.0 


2.0 


5.0 


43.0 


300 


26.0 


3.0 


5.0 


34.0 


350 


19.5 


3.5 


5.0 


28.0 


400 


15.0 


4.0 


5.0 


24.0 


500 


10.0 


5.5 


5.5 


21.0 


600 


6.5 


6.5 


6.5 


19.5 


700 


5.0 


8.0 


6.5 


19.5 


800 


3.5 


8.0 


7.0 


19.5 


900 


2.5 


10.5 


7.0 


20.0 


1,000 


2.0 


11.5 


7.5 


21.0 


1,200 


2.0 


14.0 


8.0 


24.0 
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when the least loadmg is used in the antenna circuit. 
Also, that the total resistance rises rapidly beyond a 
certain loading point without increasing the radiation 
resistance. 

I. Measurement of antenna resistance. Fig. 4 shows 
a cu-cuit used m measurmg antenna resistance. The 
secondary of the oscillation transformer can be connected 
either to the antenna and ground or to a non-inductive 
resistance and a variable air-condenser. 

The condenser should be adjusted to a value equal to 
the static capacity of the antenna. First, the antenna 




V 



v^ i — i^ 



^ 



O 




Fig. 4. — To Measure the Resistance of an Antenna, the Later is 

Replaced by a Dummy Circuit. 

is connected, and a reading taken on the hot-wire am- 
meter. Then the switch is thrown to the dummy antenna, 
and the non-inductive resistance varied until the ammeter 
is at the postion previously determined. The direct cur- 
rent resistance of the resistor will then be equal to the 
resistance of the antenna. 

J. Errors. If possible, this measurement should be 
made with a vacuiun tube oscillator in order that low 
voltages can be used. This will reduce the likeUhood of 
losses in the diunmy air condenser, resulting in too low 
an indication of the antenna resistance. 

The non-inductive resistance must be made of non- 
magnetic wire, wound back and forth over bakelite strips, 
with the adjacent wires as close as possible to neutraUze 
the inductance of the wires. The antenna resistance 
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reading will be low if there is appreciable inductance in 
the resistor. 

13. ANTENNA CAPACITY. 

The capacity of an antenna is due to the condenser 
effect between the elevated wires and the earth, which 
act as two plates, insulated by the atmosphere. 

A. Measurement of antenna capacity. Fig. 5 gives the 
circuit used to measure the capacity of an antenna. This 
method requires only a calibrated condenser. 

The switch is thrown* to the antenna, and the signals 
from the buzzer are tuned in at the coupled detector 







K 
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\ 



Fig. 5. — ^Diagram of Apparatus for Measuring Antenna Capacity. 

circuit. Then the switch is opened, disconnecting the 
antenna. Without touching the detector circuit adjust- 
ment, the calibrated condenser is varied until the signals 
come in again at maximum intensity. The amount of in- 
crease in capacity equals the capacity of the antenna. 

B. Errors. This method does not take into considera- 
tion the inductance of the antenna which, however, is 
very small compared to the capacity. Therefore, the 
reading is sHghtly high. It can be appUed to antennas 
or condenser antennas, but not to loops. 

C. Exact measurement of antenna capacity. The actual 
capacity can be determined by the formula 

C = ^^— XCi .... (25) 



A small inductance is connected in series with the antenna 
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and ground, with a buzzer around the coil, Fig. 6. The 
wave-length of the circuit is measured, giving a value Xi. 
Then a series condenser of known capacity, Ci, is in- 
serted, and the wave-length taken again, X2. C, the 
capacity of the antenna, is determined by substituting 
and solving (25). 

14. ANTENNA INDUCTANCE. 

The inductance of a loop antenna can be determined 
with sufficient accuracy for practical purposes from the 



V 




I 



B 



J 



Fig. 6. — ^A More Exact Method of Determining the Capacity of an 

Antenna. 



formulas in Section 9. Measurements of inductance can 
be made with the circuit in Fig. 6, using a known induc- 
tance in place of the condenser. 

^ "^^2 _ ^2 ^ ^i .... (26) 

The wave-length Xi, without the known inductance, is 
first measured, then, with the known inductance L\ cut 
in, the new wave-length, X2, is measured. L, the induc- 
tance of the antenna, is determined by substituting and 
solving (26). 



PART n 

RECEIVING EQUIPMENT 

CHAPTER III 
DESIGN OF INDUCTANCES 

15. LOSSES IN INDUCTANCES. 

If an audion detector is to be used for receiving, every 
means must be employed to maintain a high voltage across 
the coils. 

A. Distributed capacity. Distributed capacity is due 
to the difference in potential between the turns, while the 
losses occiu* in the dielectric between the tm*ns and are 
also due the shunt condenser action of the capacity. 
Colored covering introduces losses; use uncolored wire. 
Shellac absorbs moisture; use Sterling insulating varnish, 
or better, G-A-lectric varnish to keep the wires in place. 
Cardboard or fiber tubing absorb moistm-e and introduce 
losses; use hard rubber or G-A-lite tubing. The larger 
the diameter of the coil, the greater the difference in poten- 
tial between the turns. The capacity of the coil also 
served to increase its effective resistance. 

One of the best ways to wind a coil is to use bare wire 
wound over a circular cage of hard rubber strips, though 
this method is seldom practical. Another method is to 
use bare wire spaced with thread, removing the thread 
w^hen the coil is wound. A coat of G-A-lectric will keep 
the wires in place. If taps are to be taken off, the wire 
can be run, at those points, over a 1-inch length of Empire 
tubing cut in half lengthwise. Soldering can be done 

SI 
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when the coil is wound and varnished. Distributed 
capacity weakens the signals, and makes the tuning broad. 

B. High frequency resistance. Conductors carrying 
currents of radio frequency offer a higher resistance than 
to direct currents, due to the locahzation of the current 
in the conductors, generally known as skin effect. On a 
straight wire, the current travels near the surface, instead 
of permeating the entire cross-section. When the wire 
is curved, the current is on the inside of the circle. 
Because of the diminished area of the path, the resistance 
is increased. 

The effect of increasing the resistance is to make the 
signals weaker, and to broaden the tuning. 

High frequency cable is used on all high-grade receiv- 
ing apparatus to keep down the resistance. It should be 
remembered, however, that merely making up a cable 
of enameled wires does not reduce the resistance. Imper- 
fect insulation between the wires, such as break in the 
enamel, causes losses. Inferior covering over the wires 
makes trouble. 

The standard high frequency cables are 10-No. 38, 
2(>-No. 38 and 3 x 16-No. 38. The 10-38 is for coils in 
which space is an important factor. It can be made into 
banked windings of 2 or 3 layers. 20-30 is most widely 
used. Banked windings of several layers can be made 
with it. 3 X 16-38 is made of 16 cables of three twisted 
wires all twisted together. This is the best, as it distrib- 
utes each wire evenly throughout the cross section. The 
outside covering of all these cables should be of two layers 
of unbleached silk. 

Tests made on coils having iron, copper, or brass in the 
magnetic field show that the resistance is greatly increased, 
and, contrary to the general opinion, brass and copper 
cause a loss practically as great as iron. Therefore, in 
designing coil supports and controls, the metal parts 
should be kept as far away from the inductances as 
possible. 
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TABLE IV 
Values of K for Use in Formulas (27), (28) 



Diameter 




Diameter 




Diameter 




Length 


K 


Length 


K 


Length 


K 


0.00 


1.0000 


2.00 


0.5255 


7.00 


0.2584 


.05 


.9791 


2.10 


.5137 


7.20 


.2537 


.10 


.9588 


2.20 


.5025 


7.40 


.2491 


.15 


.9391 


2.30 


.4918 


7.60 


.2448 


.20 


.9201 


2.40 


.4816 


7.80 


.2406 


0.25 


0.9016 


2.50 


0.4719 


8.00 


0.2366 


.30 


.8838 


2.60 


.4626 


8.50 


.2272 


.35 


.8665 


2.70 


.4537 


9.00 


.2185 


.40 


.8499 


2.80 


.4452 


9.50 


.2106 


.45 


.8337 


2.90 


.4370 


10.00 


.2033 


0.50 


0.8181 


3.00 


0.4292 


10.00 


0.2033 


.55 


.8031 


3.10 


.4217 


11.00 


.1903 


.60 


.7885 


3.20 


.4145 


12.00 


.1790 


.i65 


.7745 


3.30 


.4075 


13.00 


.1692 


.70 


.7609 


3.40 


.4008 


14.00 


.1605 


0.75 


0.7478 


3.50 


0.3944 


15.00 


0.1527 


.80 


.7351 


3.60 


.3882 


16.00 


.1457 


.85 


.7228 


3.70 


.3822 


17.00 


.1394 


.90 


.7110 


3.80 


.3764 


18.00 


.1336 


.95 


.6995 


3.90 


.3708 


19.00 


.1284 


1.00 


0.6884 


4.00 


0.3654 


20.00 


0.1236 


1.05 


.6777 


4.10 


.3602 


22.00 


.1151 


1.10 


.6673 


4.20 


.3551 


24.00 


.1078 


1.15 


.6573 


4.30 


.3502 


26.00 


.1015 


1.20 


.6475 


4.40 


.3455 


28.00 


.0959 


1.25 


0.6381 


4.50 


0.3409 


30.00 


0.0910 


1.30 


.6290 


4.60 


.3364 


35.00 


.0808 


1.35 


.6201 


4.70 


.3321 


40.00 


.0728 


1.40 


.6115 


4.80 


.3279 


45.00 


.0664 


1.45 


.6031 


4.90 


.3238 


50.00 


.0611 


1.50 


0.5950 


5.00 


0.3198 


60.00 


0.0528 


1.55 


.5871 


5.20 


.3122 


70.00 


.0467 


1.60 


.5795 


5.40 


.3050 


80.00 


.0419 


1.65 


.5721 


5.60 


.2981 


90.00 


.0381 


1.70 


.5649 


5.80 


.2916 


100.00 


.0350 


1.75 


0.5579 


6.00 


0.2854 






1.80 


.5511 


6.20 


.2795 






1.85 


.5444 


6.40 


.2739 






1.90 


.5379 


6.60 


.2685 






1.95 


.5316 


6.80 


.2633 
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16. SINGLE LAYER SOLENOIDS. 

The single layer solenoid, wound on a tube of circular 

cross section, is the most common type used in radio work. 

A. Inductance. The inductance can be determined by 

L = 100.2 n'T'lk .... (27) 

where A^ is a factor determined by the ratio of the diameter 
to the length, found in Table IV. If the diameter, length, 
and inductance are known, then the turns per inch required 
are 



n 



=v 



L 



100.2 rHk ^^ ^ 

Table V shows the turns per inch of wire having different 
kinds of insulation, and Table VI, the feet per pound. 

TABLE \' 

Turns por Inch of Co])pcT Wire with Various Insulations 



B. & s. 

Gauge 



18 
19 
20 
21 
22 

23 
24 
25 
26 
27 

28, 

29 

30 

31 

32 

33 
34 
35 
36 





Single 


Double 


Single 


Double 


Cotton 


Enamel 


Cotton 


Cotton 


SUk 


Silk 


Enamel 


23 


21 


19 


23 


22 


20 


26 


24 


21 


26 


24 


23 


29 


26 


23 


29 


27 


25 


32 


29 


25 


32 


30 


27 


37 


33 


29 


36 


33 


31 


41 


37 


32 


40 


37 


34 


46 


40 


34 


44 


41 


38 


51 


44 


37 


49 


45 


42 


57 


48 


41 


54 


50 


46 


64 


54 


44 


60 


54 


50 


74 


59 


47 


67 


60 


55 


80 


64 


50 


74 


65 


60 


00 


70 


54 


82 


71 


65 


101 


75 


57 


90 


77 


71 


112 


82 


60 


99 


83 


77 


127 


88 


64 


108 


90 


83 


141 


95 


67 


119 


97 


89 


158 


101 


71 


129 


104 


95 


178 


108 


74 


140 


111 


102 



Silk 
Enamel 



22 
24 
27 
30 
34 

37 
42 
46 
51 
57 

63 
69 
76 
84 
92 

101 
110 
120 
131 



10-38 H. F. Cable, 45 turns per inch. 
20-38 H. F. Cable, 40 turns per inch. 
3 X 16-38 H. F. Cable, 20 turns per inch. 
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The number of feet required to wind a coil is 

feet of wire = 0.2619 din ... (29) 

Complete data for the length, diameter and inductance 
is given in Inductance Tables, by M. B. Sleeper. 

17. BANK WOUND COILS. 

Where space limitations require shorter coils than can 

be made with a single layer coil, bank winding can be 

used. The method is indicated below. 

10 14 18 
6 9 12 8 9 13 17 

357 458 11 567 12 16 

1246 1237 10 123 4 11 15 

The two bank coil is started by winding two complete 
turns on the coil, then jmnping the wire up between the 
first and second for another turn, down again, up, and so 



TABLE VI 
Feet per Pound of Copper Wire with Various Insulations 



B. &s. 

Gauge 



18 
19 
20 
21 
22 

23 
24 
25 
26 
27 

28 
29 
30 
31 
32 

o3 
34 
35 
36 





Single 


Double 


Single 


Double 


Cotton 


Enamel 


Cotton 


Cotton 
189 


Silk 


Silk 


Enamel 


200 


196 


201 


199 


196 


253 


246 


237 


255 


252 


242 


320 


311 


298 


324 


319 


307 


404 


387 


370 


400 


389 


380 


509 


488 


401 


501 


493 


479 


642 


612 


584 


632 


631 


600 


810 


763 


745 


799 


779 


750 


1019 


953 


903 


1008 


966 


933 


1286 


1201 


1118 


1263 


1202 


1166 


1620 


1500 


1422 


1584 


1543 


1457 


2042 


1860 


1759 


1988 


1917 


1824 


2570 


2370 


2207 


2520 


2485 


2288 


3218 


2860 


2529 


3165 


3009 


2810 


4082 


3482 


2768 


3933 


3683 


3473 


5132 


4234 


3737 


4913 


4654 


4267 


6445 


5141 


4697 


6129 


5689 


5267 


8093 


6317 


6168 


7646 


7111 


6461 


10,197 


7755 


6737 


9680 


8856 


7835 


12,890 


9511 


7877 


12,162 


10,869 


9437 



SUk 
Enamel 



202 
248 
315 
394 
497 

622 

781 

982 

1232 

1548 

1946 
2433 
3031 
3793 
4737 

5956 

7427 

9207 

11,485 
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on. The same principle is followed out in coils of a greater 
number of banks. By this method, the distributed capa- 
city is made lower than if the coil were of several horizontal 
layers. 

Banked windings are sometimes made as high as 8 or 10, 
though the capacity is increased greatly with more than 
3 or 4 layers. High frequency cable and small solid wires 
can be banked most easily, although it takes considerable 
practice for one who is not famiUar with the process. 
The work can be facilitated by using a blunt screw-driver 
to make the bends in the wire. 

A. Inductance. The inductance can be determined 
closely by (27) using the average diameter of the winding 
for d, and the total number of turns per inch for n. That 
is, n would be the product of the turns per inch of the 
wire and the number of layers. 

18. FIGURE EIGHT COILS. 

Figure eight coils are used as variometers or coupling 
coils where space is limited. To vary the coupling, the 
coils are placed end to end, and one coil turned axially. 
It will be seen that a figure eight coil is made up of two 
semi-circular coils with their flat sides together. If, in a 
variometer, the two sets of coils are similarly placed and 
aiding, the inductance is maximum. Turned 90^, with 
the straight sides at right angles, the mutual inductance 
is 0. At 90° more, the coils will be similarly placed but 
opposing, giving a minimum inductance. Used as coup- 
ling coils, it is only necessary to turn one coil 90° to change 
from maximum to minimum coupling. 

To wind a figure eight coil, start at the inside of the 
slot, wind around the tube to the other side of the slot, 
through the slot, and around the tube in the opposite 
direction. It is not advisable to have a part of the coil 
of circular winding and part figure eight, as this intro- 
duces high frequency losses in the circular part. There 
is no advantage in making a figm*e eight coil more than 
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Two Eonk Topped Coi 



Fig. 7.— niustratmg Some of the Methods by which Coils 
are Wound. 
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2 inches long, as the mutual mductance between the outer 

turns would be negligible. 

A. Inductance. Inductance of a figure eight coil is 

given by 

L = Lik (30) 

where fc is a constant taken from Table VII. The value 

Table VII 
Constant k for formula (30) 



Length 
Diameter 


K 


Length 
Diameter 


K 


Length 
Diameter 


K 


0.02 
0.04 
0.06 


1.550 
1.550 
1.550 


0.20 
0.22 
0.23 


1.550 
1.550 
1.545 


0.30 

0.31 
0.32 


1 . 465 
1.450 
1.435 


0.08 
0.10 
0.12 


1.550 
1.550 
1.550 


0.24 
0.25 
0.24 


1'.540 
1 . 530 
1.520 


0.33 
0.34 
0.35 


1.420 
1.400 
1.383 


0.14 
0.16 
0.18 


1.550 
1 . 550 
1.550 


0.27 
0.28 
0.29 


1.510 
1.495 
1.480 


0.36 
0.37 
0.38 


1.366 
1.348 
1.330 



of Li is determined as if it were a single layer solenoid, 
from (27). 

19. MULTILAYER COILS. 

There is a right and wrong way to wind multilayer 
coils as indicated below. 



13 


14 


15 


16 


17 


18 


7 


8 


9 


10 


11 


12 


right 1 


2 


3 


4 


5 


6 


13 


14 


15 


16 


17 


18 


12 


11 


10 


9 


8 


7 


wrong 1 


2 


3 


4 


5 


6 



In the correct method, each laj^er is started on the same 
side of the coil, with the result that the maximum poten- 
tial between turns is, in this example, due to a difference 
of 6 turns, while in the wrong method, it is 12 turns. 
Some of the United States Navy equipment employs coils 
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wound in this way, with a layer of paper between each 
\diyev of wire. 

A. Inductance. The inductance of a multilayer coil 
can be determined by the formula. 

T — 31.90 v?- total r^ av. .« . 

0.23 r av. + 0.44 I + 0.39 w * ' ^ ^ 

The average radius is 

outside diam. + inside diam. .^^ v 

r av. = . (31a) 

and the radial depth, 

outside diam. — inside diam. ,„., . 

10 = ^ . (31b) 

To find the total number of turns required for a multi- 
layer coil, knowing the required inductance, the length, 
the average diameter and radial depth. 

n total = J l-(0-23rav. + 0.44;+0.39t.) ^^^^ 
^ 31.9 r^av. 

Then the turns per inch of wire to give the proper num- 
ber of total turns, according to the required length and 
radial depth, is 

. . \n total /Qox 

t. y. I. = -V — ; (33) 

\ Iw 

20. TOROroAL COILS. 

Toroidal coils are wound on closed rings of rectangular 
round cross section. They present the advantage of hav- 
ing no external field. The only way that coupUng to a 
torus can be effected is by putting several turns directly 
over the coil winding. Conductors wound around the 
ring or placed beside the ring coaxially produce no coupling 
effect. 

A needle, consisting of a brass or wooden strip, about 
12 inches long, notched at the ends, is used to wind torii. 
The wire is first wound onto the needle. Then the needle 
can be passed readily through the center of the ring. 

A. Inductance. Formula (34) gives the inductance of 
a torus of circular cross-section. 
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L = 12.57 n« (2.54 ra - y/2M r, - 2.54 r») . / (34) 
The inductance of a torus of rectangular cross-section is 



outer 



L = 4.606 n« i, logio ^==^ (35) 

'inner 

The number of turns which can be wound in a single 
layer on a torus is 
n^ = Z.l41%d^t.p.i (36) 

To obtain the maximum inductance, a torus should 
have a large cross-sectional area, rather than a large 
outside diameter. 

21. STAGGERED COILS. 

Where a self-supporting coil is required, the staggered 
winding is often employed. This type of coil is made on 
a removable core, in which an odd number of pins are set 
radiaUy. The wire is woven back and forth on the pins. 
Sometimes two rows of pins are used, making it possible 
to get a greater inductance with no increase in diameter 
over a single row coil. 

There is no formula for calculating the inductance of 

these coils, as too many varying factors enter in to their 

design. 

22. VARIATION OF COUPLING. 

There is a great variety of ways to vary the coupling 
between two coils, the particular one of which should be 
selected according to the design and space requirements. 
It should be remembered, in designing the coil supports, 
that any metal in the magnetic field increases the high 
frequency resistance of the winding. 

A. Coaxial in and out t3rpe. The coils are mounted 
coaxially, with one stationary and the other movable 
toward or from the first. This is applicable to 

Solenoids Multilayer and 

Pancake Staggered coils 

Various methods of effecting the movement are given 
in Fig. 8. 
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B. Rotating Types. A number of ways to vary induc- 
tance by rotating one coil are given in Fig, 8. The 
coils can be wound on cylindrical or spherical fonns. 
They can be separated considerably at maximum coupling, 
for very tight coupling is not essential. The coefficient 
of coupling need not exceed 5%. 

C. Capacity coupling. There is also an electrical 
method of coupling sometimes used, though offering small 

This is done by interposii^ two condensers, 




F^. 9. — A General Radio Variometer with tieU-suppoiiing Coils. 



operated by the same handle, between the primary and 
secondary coils. Coupling is maximum at maximum 
capacity. The condenser should be of 0.0005 mfd. each. 
The wave-length to which the primary and secondary 
circuits are tuned is not controlled by the coupling 



23. VARIATION OF INDUCTANCE 

Inductance can be varied by changing the self-induc- 
tance of one coil or by varying the mutual inductance 
between two coils. 
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A. Variation of mutual inductance. Any of the meth- 
ods in Fig. 8, except the' capaeity coupling, can be era- 
ployetl by connecting the coils in series or parallel. Re- 
sulting effective inductance is given by the fonnulas in 
Section 5. It is necessary to have the coils as close to- 
gether as possible in order to obtain a large variation. 
When the planes of the windings are at right angles, the 
mutual inductance is 0. 

B. Sliders. Sliding contacts for radio coils are not 




F^. lO.^A Well-designed Loose Coupler from Uie Radio Equipment 
Company. 



good because they give a poor contact, wear away the 
wire, short circuit the turns with grains of copper, and 
touch more than one turn at a time. 

C. Single switches. Where no variable condenser is 
used to tune to the wave-length between the inductance 
switch taps, the taps should be brought out as frequently 
aa possible. If a tuning condenser is employed, the taps 
should be arranged to give a wave-length overlap of 10 per 
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cent, to 20 per cent., by the condenser between the 
mductance steps. 

D. Double switches. Units and tens switches are often 
used without tuning condenser. One set of taps is taken 
off with short steps, while the other set are in steps equal 
to the total number of turns controlled by the first switch. 

E. Geared switches. A set of imits and tens switches 
can be geared together so that, while the contact of the 
tens switch is moving from one point to another, the imits 
switch will rotate through its range. Thus both switches 
can be controlled by a single handle. 

F. Dead-end switches. Some dead-end switches are so 
arranged that the imused sections of the coil are discon- 
nected from each other and the part in use. The purpose 
is to prevent the unused sections from absorbing energy. 

A better and simpler way is to short-circuit the unused 
tiuns by connecting the switch-blade to the end of the 
coil. This method is not good for large inductances, 
however, as the inductance and capacity of the unused 
^lart may have a wave-length suflBciently great to be a 
lower harmonic of the waves in the active section. In 
such a case, the coil should be short-circuited at several 
points in the unused part. 

G. Method of bringing out taps. Inductance coil taps 
should not be in the form of a loop, but a single wire sol- 
dered to the winding at the coil. This keeps down dis- 
tributed capacity losses. Taps should be arranged in an 
orderly manner, not bunched together. Where taps are 
brought out from moving coils, they should be clamped 
by bakeUte strips or secured in such a way that the bending 
strain will not be concentrated at the soldered joints. 



CHAPTER IV 

DESIGN OF RECEIVING CONDENSERS 

A variable condenser for timing should have a low, 
direct current resistance through the connected parts, 
negligible dielectric losses across the plates, and in the 
insulating material separating the two sets of plates. 

24. CAPACITY OF AN AIR CONDENSER 
The capacity of an air condenser is given by the formula 

^ " 445604 1 ^^^^ 

or A = 445604 tC (38) 

""'' =445^ (^^) 

The value of A, the area of the dielectric, refers to the 
total area between the plates. Thus, if a condenser is 
made of three fixed and two movable plates, each of 5 
square inches, at maximum capacity there will be four 
dielectric areas, each of 5 square inches, making a total 
area A of 20 square inches. 

26. LOSSES IN RECEIVING CONDENSERS. 

A. Dielectric losses. These losses include those in the 
medium separating the plates, as well as in the insulating 
supports. While there is practically no loss in an air 
dielectric, collections of dust on the plates are harmful. 
All comers should be rounded, so there will be no con- 
centrated fields around points between the sets of plates. 

Fibre, mica, bakelite, and similar materials interposed 
between the plates cause a serious power absorption. 
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The leakage path between the sets of plates should be 
long, and the dielectric of bakelite, hard rubber, or por- 
celain. Bakehte is not as good as the other materials, 
though it is satisfactory if in the form of a large plate. 
Moulded end plates are very poor, as shown by tests 
in which, at 200 meters, the losses ran as high as 50 
per cent. 

Small insulating bushings, set in metal end plates, 
cause a concentration of the electrostatic field, resulting 
in large losses. 

B. Resistance losses. Condensers should be so con- 
structed that there is a negl^ible resistance in th"^ leads 




Fig. 11. — A Straight Line Type Condenser made by th^ General 
Radio Company. 

and between the connected plat«s. The leads should have 
large contacting surfaces of constant pressure, or they 
should be soldered. The washers separating the plates 
should be large enough to give a good contact. Con- 
densers having milled supports to which the plates are 
soldered are best. 

C. Effect of losses. Condenser losses reduce the signal 
strength and give bi'oad tuning. Used with an audion 
detector, they reduce the voltage on the grid. 
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26. TYPES OF VARIABLE CONDENSERS. 

A. Sliding plate type. Condeiiaers made with one set 
of plat«s sliding in and out on grooved insulating supports 
are obsolete, 'ihey are not satisfactory mechanically, 
and have losses due to the collection of dust on the support. 
Moreover, they require a lai^ amount of space. 

B. Rotating straight line type. This type of condenser 
has semi-circular rotating plates, giving a constant ratio 
of scale degiete to capacity. Almost all tuning condensers 
are of this sort. 

C. Square law type. To give a straight line w;;ve- 
length calibration, the square law condenser:? iiiad-j v.ith 

offset variable plates so that tlie dielectric area i,:i in 
porportion to the squares of the scale degrees, Fig. 13. 
In general, there is httle advantage in using this tj-jie 
over the straight line type except where the straight wave- 
length calibration is necessary, as it takes up more space 
for its capacity than the straight Une type, 

D. Geometric progression type. Decremeters require 
a condenser giving a calibration curve in the form of a 
geometric progression. 

27 DESIGN FEATURES 

A Beanngs Ihe beiring^ for the iotar> platen of a 

vanable condensci houid be of bia&s with \ --teel shaft. 




Fig. 13.— Shape of Square Law Type Condensei Plates. 

They should be conical, or have large surfaces, and adjus- 
table, so that any wear which may develop can be taken up. 
Light condensers work satisfactory if the shaft works in a 
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hole in the bakelite end pieces, though this design is not 
good for calibrated instruments. The use of a pointed 
screw for a lower bearing is to be avoided, for the point, 
carrying the weight of the rotary plates, soon wears oflf, 
changing the capacity. 

B. Rigidity. Greatest rigidity is attained in condensers 
having brass plates soldered in milled brass supports. 
However, the usual washer spacing is satisfactory, if the 
supporting rods are properly proportioned to the weight 
of the condenser. The shaft and washers of the variable 
plates must be extra large to keep the plates in place. 

C. Connections. There are several ways to make con- 
nections to the rotary plates. A switch arm can be fast- 
ened to the shaft moving on a semi-circular ring secured 
to the rear end plate. Spring washers are good if the 
contacting surface is large. Braided pig-tails or coiled 
copper ribbon, soldered to the shaft, are good if the con- 
denser is not used in an accurately calibrated circuit. 

D. Balanced Condensers. Large condensers are made 
with one-half of the plates on one side, and half on the 
other, to balance the weight of the rotary plates. Other 
types have a balancing weight on the shaft. 

E. Double condensers. To obtain double the capacity 
of the ordinary condensers in the same space, condensers 
are made with two sets of fixed and rotary plates. The 
sets of rotary plates, mounted on a single shaft, are insu- 
lated from each other. One set of fixed plates is connected 
to one set of rotary plates, and the other set of fixed plates 
to the other rotary set. Leads are taken from the two 
fixed sets. Capacity is minimum when the connected 
plates are interleaved, and maximum when opposite 
plates are interleaved. 

A more complete description is given in Everyday 
Engineering, November, 1919. 

F. Double wave-length range tjrpe. When a variable 
condenser is used with an adjustable inductance, only 
180° of the rotary movement is usable, and, when turned 
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from minimi im to maximum, it must be turned back to 
minimum for the next inductance step. 

The double wave-length range type has two sets of 
fixed plates and one rotary set. A switch is arranged on 
the shaft which connects one fixed set to the first induc- 




Fig. 18. — Condensers of this Type are Used in Wave Meters for 
the Signal Corps. 

tance step, ■ When the capacity is maximiun with that 
set, the switch connects the other fixed set to the next 
tap, making the capacity minimum again. 

G. Milled condensers. A very expensive, though ex- 
tremely rugged way of building a condenser is to mill the 
sets of plates from a solid metal block. Attempts have 
been made to die-east condensers, but this is expensive 
because a final milling operation is necessary because the 
plates warp slightly when taken from the casting machine. 

H. Vernier condenser. Five variations of capacity ^re 
determined by means of a separate knob with a reducing 
gear to the condenser shaft, or by a small two-plate con- 
denser shunted across the large condenser. Another 
method, used by the de Forest Company, is to have a 
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single plate, mounted on the shaft, which can be adjusted 
by a separate handle with respect to the top plate of the 
fixed set. 

I. Metal cases and shields. To prevent slight varia- 
tion of capacity due to the capacity to ground of the 
body, condensers should be put in metal cases, connected 
to the ground, or shielded by a grounded metal plate. 
Cftcn times the receiving set panel is covered, at the rear, 
with a grounded copper, brass, or aluminum sheet. When 
this is done, care nmst be taken to prevent eddy current 
losses in the plate by maldng a nimaber of slits across it, 
and keeping the coils and wiring several inches back. 

J. Scales. While 360^ ordinarily constitute a circle, 
it is usual to use 200°, or 100° for a semi-circle, on radio 
condenser scales. 

28. MICA AND PAPER CONDENSERS. 

A. Capacity. The capacity of a condenser having a 
mica dielectric is 

6855.45 t 
and of a paraffined paper condenser. 

A 



C = 



12731.5 t 



Owing to the variations in the dielectric constants of dif- 
ferent specimens, the results obtained will be only approxi- 
mate, varying as much as 15 to 20 per cent. 

B. Use of Mica and Paper Condensers. In the tuning 
circuits of receivers nothing but air condensers should be 
used, as the losses in mica and paper condensers are large 
at high frequencies. As grid, bridging, or audio frequency 
tuning condensers however, they are satisfactory. 

The humidity of the atmosphere will vary the capacity 
and losses in these condensers. Therefore, they should be 
thoroughly impregnated and sealed. 



CHAPTER V 

AUDION DETECTOR CIRCOTS 

The enonnoiis amount of data which has been worked 
out on audion detectors makes it necessary to keep, in 
this book, to the practical considerations. Keaders in- 
terested in the theoretical side of this subject are referred 
to the series of articles by L. M. Clement, starting in the 
April, 1919, issue of Everyday Engineering Magazine. 

29. THE THREE CIRCUITS OF THE AUDION. 

Three separate circuits are emplo^'ed with an audion — 
the filament, grid, and plate circuits. 

A. Filament Circuit. The filament circuit comprises a 
source of ciurent, a current regulator, and the audion 
filament, from which n^atively charged electrons are 
radiated. 

B. Plate Circuit. Across the filament and plate of the 
audion a high voltage batter\' and indicating de^'ice or 
amplifj-ing circuit are connected. The batterj' breaks 
down the space between filament and plate, drawing the 
emission from the filament to the plate. 

C. Grid Circuit. The controlling voltage from the tun- 
ing circuit is applied to the grid. Varj-ing the charge on 
the grid changes the filament-plate current. 

30. AUDION CHARACTERISTICS. 

Control of Plate Current. The plate cmrent is varied 
in three ways: 

^a) By changing the voltage of the plate or B batter^'. 
{bj By changing the filament ciurent. 
(c) By putting a charge on the grid. 
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Modem vacuum tubes require no fine variation of the 
plate voltage. The battery to be used is generally speci- 
fied for the particular tube, and is kept constant. In- 
creasing the plate voltage decreases the resistance between 
filament and plate, and increases the plate current up to 
the point of saturation. 

Filament current is also kept constant. The best tubes, 
such as the Western Electric types, have a filament which 
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Fig. 14.— Two Methods by which a Negative Charge can be pttt 

on the Grid. 



bums at a dull red. Others, with timgsten filaments, 
require a current sufficient to make them glow brilliantly. 
Increasing the filament current increases the electronic 
emission up to the point of saturation for the given plate 
voltage. 

Changes in the plate current from the incoming signals 
are produced by the charges put upon the grid of the 
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tube. A positive charge increases the plate current, and 
a negative charge decreases it. It is advisable, however, 
to keep a small negative charge on the grid, so that in- 
coming positive charges will not be great enough to make 
the grid positive. The reason for this is that, when the 
grid is positive, a small amount of current flows from the 
filament to the plate. This is the same as putting a re- 
sistance across the tuning coU, thus reducing the signal 
strength and broadening the tuning. 

Fig. 14 shows two methods for putting a permanent 
negative charge on the grid. The first circuit has a bat- 
tery of 1.5 or 3.0 volts, the negative or zinc side con- 
nected to the grid. A finer adjustment, without an extra 
battery, is obtained by the second circuit. 

It will be seen that, due to the resistance. Re, there is a 
difference in potential between point 1 and 2. If the 
negative side of the battery goes to point 1, the grid will 
be negative with respect to the filament. The amount 
of n^ative grid potential is 

Ec--IRc 

Different tubes require different grid charges for maxi- 
mum signal strength. Also, a slight change for telegraph 
and telephone signals is needed. While the negative grid 
charge and corresponding resistance can be determined 
from a grid voltage, plate current curve of the tube, the 
easiest way is to determine the value of resistance experi- 
mentally, using the correct filament current. Then a 
fixed Re can be inserted. A variable filament resistance, 
Raj will make it possible to keep the filament ciurent at 
the right value in case the voltage of the filament battery 
drops down. 

The circuit in Fig. 14 shows a high resistance leak of 
0.5 meghom around the grid condenser. Without this 
resistance the grid charge control will not fimction. 

Signals are considerably improved when the grid is 
adjusted to the right potential. 
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3L THE GRID CIRCUIT. 

A, Tuning apparatus. As previously explained, the 

plate current is controlled by voltage ctianges on the grid. 




Fig. 15. — A Wireless Impn 



ContTol Box Operating 



□ Batteries or no Volts Direct Cuireat. 
To obtain the maximum voltage from the incoming sig- 
nals, the secondary tuning inductance must have a mini- 
mum capacity and h^h frequency v-'-'nnce. Most 
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careful consideration should be given to the design of 
the coil. The tuning condenser is also an important 
factor. The capacity should be as small as is practi- 
cal for tuning purposes, 

B. Grid condenser. It is usually said that the grid 
condenser keeps the negative charge off the grid. The 




Fig. 16.^& Standardized Panel Tjrpe Audion Receiver for Short 



grid is isolated from the tuning circuit by the condenser. 
The positive half cycles of the incoming voltage causes 
a current to pass from the filament, which is positive with 
respect to the grid, to the grid. During the negative half 
cycles, no current flows. Thus a negative charge is accu- 
mulated on the grid, and this charge, as explained in Sec- 
tion 30, reduces the plate current, A train of oscillations 
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serves to put one chaise on the grid, with a correspoading 
single charge in the plate current through the telephones. 
Thus the vibrations of the telephone receiver diaphragm 
con-espond to the spark frequency of the transmitter, and 
not the radio frequency. 

C. Grid leak. If the insulation of the grid condenser 
were perfect, the negative charges would pile up and ren- 



9 


•I: 

ft « • '•» H 

; — ^ — ; 



Fig. ISa.— The Controls for the Set Shown in Fig. i6. 



der the tube inoperative. However, these charges leak 
off between the wave trains. To prevent blocking, that 
is, the accumulation of negative charges, a resistance of 
600,000 to 1,000,000 ohms is usually connected around the 
grid con<lenser. 
The grid leak ia usually made of a small strip of paper 
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dipped in water-proof ink, or of a lead-pencil mark across 
a piece of paper. Popping noises and rumblings in the 
telephones are often due to microphonic action in the 
grid' leak. 

S2. THE PLATE CmcOlT. 
A. Plate impedance. There is a certain value of re- 
sistance between the filament and plate, varied by the 
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adjustments of the circuit. In the average receiving 
tube, this is taken as 50,000 to 100,000 ohms. To obtain 
the maximimi effect in the phones, the telephones should 
have a high resistance at average speech frequencies, 800 
cycles. For greatest efficiency, telephone transformers 
are used so that the impedance of the circuit across the 
filament and plate wi!l equal the plate impedance. 

B. Tuning in the plate circuit. Some circuits call for 
radio frequency tuning in the plate circuit. This is gen- 
erally unsatisfactory as it introduces a difficult adjust- 
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ment, and, in the matter of amplification of signals, offers 
no advantage. Audio frequency tuning has been found 
entirely unsatisfactory. The subject of feed-back coupling 
is treated in a separate Section. 

C. Control of plate voltage. While standard 22.5-volt 
batteries are almost universally used to supply the voltage 
across the plate and filament, it is sometimes necessary to 
adjust the voltage. This can be done by a simple switch 
or by means of a potentiometer. Since a potentiometer 
is really a high resistance shunt across the battery, a small 
amount of current is wasted through the resistance. 
Therefore, the potentiometer should be of 10,000 to 
25,000 ohms, and a switch should be inserted so that the 
battery can be disconnected when not in use. 

Carbon sectors are most generally used. They are 
made up with a porcelain body coated with graphite. 
A carbon contact must be used because a metal contact 
deposits tiny grains on the graphite sector which reduce 
its resistance. 

D. Noises. Howling and squealing soimds in the tele- 
phones are largely due to poor plate voltage adjustment 
or capacity or inductive coupling back to the grid circuit. 
Plate circuit wiring should be well separated from all grid 
circuit connections. 

E. Bridging condenser. A condenser of 0.001 mfd. is 
often connected around the phones and B battery to act 
as a by-pass for radio frequencies which may be present 
in the plate circuit. A mica or air condenser, preferably 
variable, should be used. 
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OSCILLATING AUDION CIRCUITS AND UN- 
DAMPED WAVE RECEIVERS 

Although there is a multiplicity of methods for making 
an audion circuit oscillate, only the best and most widely 
used are described here. 

33. INDUCTIVELY COUPLED OSCILLATORS. 

A. Tickler coil coupling. The tickler coil, Fig. 18, is 
most often used to amplify spark signals and to make the 
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Fig. 18. — ^The Typical Tickler Coil Circuit for Regeneration or 

Undamped Wave Reception. 

audion oscillate. It is simply a small inductance in the 
plate circuit coupled to the secondary of the loose coupler or 
to a separate coil in series with the secondary inductance. 

There seems to be no optimum inductance value for the 
tickler coil. It is often made equal to the secondary for 
short waves, and as small as 0.1 the secondary inductance 
for long waves. 

Coupling to the secondary must be adjustable to obtain 
the proper feedback action from the plate circuit to the 
grid side. 

5P 
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B, Tapped secondary coupling. With a circuit as in 
Fig. 19 no adjustment is needed, though the strength of 
the oscillations can be varied by changing the taps which 
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Fig. 19. — The Secondary Circuit of an Undamped Wave Receiver. 

goes to the filament. Ordinarily, the tap is taken off at 
a point just below the center, toward the end connected 
to the plate. 

The wave-length is not varied by changing the coupling 
tap. It is determined by the total inductance of the sec- 
ondary and the secondary tuning condenser. 

34. CAPACITY COUPLED OSCILLATORS. 

A. Separated tuning condenser method. In this cir- 
cuit Fig. 20, two separate tuning condensers are used, in 



\ 





f-V\AW 



\ 



X 



Fig. 20. — Capacity Coupling is Used in this Oscillating Circuit. 

the connection from the center running to the filament. 
The strength of the oscillations can be varied by making 
one condenser larger or smaller with respect to the other. 
The wave-length depends upon the inductance of the 
secondary coil and the capacity of the two condensers. 
It should be remembered that these condensers are in 
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series. This introduces difficulties because of which this 
type of circuit is seldom used for receiving. 

B. Tickler condenser method. The coupling condenser 
shown in Fig. 21 is made of two fixed and one variable 
plate, arranged so that when capacit}^ is increased between 
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Fig. 21.-— Another Method for Making the Circuit Oscillate. 

one fixed plate and the variable plate, the capacity to the 
other fixed plate will be reduced. The fixed and variable 
plates may be semicircular 3 and 23^ inches in diameter 
respectively. 

C. Grid and plate bridging condenser method. Feed- 
back coupling can be accomplished by connecting a vari- 
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Fig. 22. — ^A Bridging Condenser Provides Coupling between the 

Plate and the Grid Circuits. 

able condenser of 0.0005 mfd. maximum across the grid 
and plate. However, the adjustable is not stable on the 
strength of the oscillations easily controlled. Fig. 22 
gives the circuit. 
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D. Other methods. Almost any way in which, by 
capacity an inductive coupling, the plate circuit is con- 
nected with the grid will make a tube oscillate in vary- 
ing degrees. 

35. LOCALLY OSCILLATING CIRCUITS FOR UNDAMPED 

WAVE RECEPTION. 

A. Heterodyne reception. This reception of imdamped 
waves is accomplished by imposing a sUghtly different 
frequency on the incoming oscillations. If, for example, 
oscillations of 100,000 cycles are being received, and local 
oscillations of 101,000 cycles are impressed, a beat note of 
1,000 cycles will be produced in the telephones. This 
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Fig. 23. — The Ultraudion Circuit for Undamped Wave Reception. 

method, while good for short waves, causes a loss, by 
detuning, at long wave-lengths. 

In practice, the primary circuit is closely timed to the 
transmitter. The secondary is detuned, to give an audible 
frequency. So it is that the secondary circuit is not ad- 
justed to the frequency of the received signals. 

At short waves, a slight detuning in wave-length makes 
a large difference in frequency, so that this effect is not 
pronounced. Long waves, however, have a low frequency. 
Thus a small difference in frequency requires a considerable 
change in wave-length. 

Consider Fig. 25. This shows the signal strength 
when a receiver is tuned above and below the wave-length 
of the transmitter. A maximum amount of energy flows 
in the secondary when it is adjusted to 18,000 meters, 
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but, at 17,000 the wave-length for a 1,000-cycle beat note, 
only 55 per cent, of the available enei^ is being used. 
This is obviously a considerable loss, of special importance 
when the signals are weak. 

That this percentage of loss decreases with the wave- 
lei^th is shown by F^. 25. Here the curve shows the 
enei^ in the secondary when it is tuned above and below 




Fig. 24.— This WiielesE Special Set Contains an Oscillating Circuit 
Whicli Can Be Connected to the Secondary. 

the wave-length of a 200-meter transmitter. The detuning 
to produce 1,000-cycle beats is less than 1 meter, and 
practically no energy is lost. 

On wave-lengths about 5,000 meters, heterodyne recep- 
tion should be accomplished by means other than the use 
of a detuned, oscillating circuit. The simplest method is 
to set up a separate oscillator, coupled to a straight re- 
ceivir.g set. 
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B. ^ctder Coils. There seems to be no definite rela- 
tion between the inductance of a tickler coil, used as a 
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Fig. 26. — Showiog the Loss at Long Waves from the Use of a 
Locally Oscillating Receiver. 

feedback from the plate to the grid circuit, and the wave- 
length of the signals received. 

For short wavra the tickler is usually made with an 
inductance nearly equal to that of the secondary, while 




tig. 2S.— The Separated Oscillator Provides the most Efficient 
Means for Receiving Undamped Waves. 
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on long waves the tickler may be as low as 0.15 of the 
secondary inductance. 

36. SEPARATE OSCILLATORS 

The tapped coil oscillator is the easiest to handle and 
was for heterodyne reception. A coil coupled to the 
receiving set can be put in series with the main inductance 
of the oscillator, or the oscillator coil itself can be coupled 
to the primary of the receiving oscillation transformer. 

Provision for varying the coupling is necessary so that 
the strength of the oscillations induced in the receiving 
circuit will be equal to those received at the antenna. 






PART m 

CHAPTER Vn 
DAMPED WAVE TRANSMITTERS 

The mathematical design of transmitting circuits in- 
volves separate problems to which many books are already 
devoted. It is obviously impossible to dispose of the 
subject in one, or even many chapters. Experimenters 
usually do the easiest thing, which in this case is the 
most satisfactory and practical — that is, they buy their 
sending equipment. 

Because this is a book for the practical experimenter, 
formulas and data on building spark coils and transformers 
will not be given. Either instrument can be purchased as 
cheaply as it can be made, and the manufactured article 
will, if it comes from a reputable concern, represent an 
amoimt of experimental work beyond almost any experi- 
menter. 

Another feature which, from the title of this book, might 
be expected here, but will not be foimd, is data on reso- 
nance circuits. Such considerations were introduced by 
power engineers long ago, but the field of experimenters 
is just beginning to be aware that resonance circuits have 
been used. 

However, it is impractical to introduce this subject in 
this book because two of the essential factors cannot be 
determined, one, the characteristics of the power generator 
and, two, the characteristics of the transformer. 

There is also the wave-length limitation which pro- 
hibits experiments which might result in an increased 
efficiency of the sending set. 

66 
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Thus it will be seen that the possibiUties for designing 
a spark coil or transformer set are reduced almost to the 
consideration of possible expenditure, the source of power 
available, and the wave-length of the oscillating circuits. 
This is not intended to infer, however, that there is no 
choice between the various instrmnents on the market or 
the types which can be built by the experimenter, but 
that the limitations preclude large variations from the 
standard designs, and that extensive experiments on trans- 
mitting apparatus call for the equipment of a conunercial 

laboratory. 

37. SPARK COIL SETS. 

The spark coil, though often condemned as being re- 
sponsible for much interference, is really good for short- 
distance transmitting when properly handled. 

A. Types of coils. A spark coil cannot be judged by 
the length of the spark which it gives. The spark should 
be a short, heavy flame, hot enough to ignite a piece of 
paper. Power consumption is a more accurate way to 
classify spark coils, as is done in the transformer. 

The vibrator should produce a fairly high note with 
very httle sparking at the contacts. Current consump- 
tion is increased with the vibrator speed. 

B. Current supply. Dry batteries can be used to run 
a spark coil, but a storage battery gives better results and, 
over a period of months, is more economical. Electrolytic 
rectifiers for 110 volts a. c. or electrolytic interrupters for 
d. c. are satisfactory, if purchased from a rehable com- 
pany, although some which have been put out are only 
good for blowing fuses. A step down transformer does 
not give a good transmitting note imless the vibrator can 
be synchronized with the a. c. 

C. Telegraph key. Any type of light telegraph key can 
be used to operate small spark coils. The contacts should 
be cleaned frequently to prevent a high resistance con- 
nection which would reduce the current to the coil. 

D. Plain spark gap. A plain spark gap is most often 
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used. The contacts should be of zinc, about J^ inch in 
<Uaineter, and flat at the adjacent faces. 

One contact should have a threaded adjustment and a 
knob of insulatitig material so that the gap can be altered 
while the set is in operation. A balielite or marble base 
is required to prevent leakage across the gap, 

E. Rotary spark gap. Because the speed of the vibrator 
is not steady, it is impossible to synchronize the vibrator 
and spark gap. However, the rotary gap can be used if 
the gap is very short and the rotor run at a high speed. 

F. Quenched spark gap. Very satisfactory results 
have been obtained by turning down silver half-dollars 
for quenched spark-gap faces. Fig, 27 shows form. Mica 

Washeri 
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Tig. 2?. — A Sectional View of a Simple Quenched Spark Gtp. 

rings can be used as separators. Two single and one 
double-gap sections are enough for a spark coil. They 
should be mounted between two flat surfaces in such a 
way that they can be pressed tightly tc^ether without 
warping the silver gaps. 

G. Transmittiiig condenser. Considerable loss occurs 
in an imperfect transmitting condenser. The usual home- 
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made glass plate type is particularly liable to fall down in 
this respect. However a spark coil sets, good results can 
be obtained if the condenser is carefully built. 

Ordinary window glass is not good. Photographic 
plates are the best that can be obtained readily. They 
should be covered on both sides with heavy tinfoil, pressed 
free from wrinkles. A switch is required so that eight to 
sixteen glass plates, 5x7 inches, can be connected. 

Moulded or mica condenser of 0.004 or 0.005 mfd. are 
preferable. 

H. Oscillation transformer. An oscillation transfonner 
must be used even with a spark coil set, to allow an 
adjustment of the coupling and decrement. The primary 
should have three turns of copper ribbon or edgewise 
wound strip 5 to 8 inches in diameter. For the secondary, 
eight turns are required, of a diameter 2 inches greater 
than that of the secondary. A space of ^ or J^ inch 
between the turns is sufficient. 

The secondary should be arranged to pull out or turn 
away from the primary so that the coupling can be varied. 
Clips are needed so that all of the turns are available for 
tuning. 

I. Hot wire ammeter. To measure current in the sec- 
ondary^ circuit, a hot wire ammeter is needed. A range up 
to 2 amperes is sufficient for the average spark coil set. 

J. Wiring. The importance of the wiring must not be 
overlooked. The length of the leads can be reduced by 
grouping the instruments. No. 14 bare or insulated cop- 
per wire is large enough. Small wires or loose connections 
increase the resistance of the circuit and make the decre- 
ment higher. This must be compensated for by loosening 
the coupling which decreases the power radiated. 

38. TRANSFORMER SETS. 

A. Closed core transformers. The closed core trans- 
former is operated on 60-cycle a. c. or higher frequencies. 
It has the disadvantage of requiring an external controlling 
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impedance for, when a discharge occurs across the second- 
ary, the secondary winding is practically short-circuited, 
with the result that an excessive current is drawn by the 
primary. This must be controlled by an impedance in 
series with the primary circuit. Such an impedance is 
made up of a laminated or iron wire core 8 inches long and 
Ij^ inches square or in diameter, as the case may be, 
wound with 300 turns of No. 18 annunciator wire tapped 
every 50 turns. This impedance will serve for a 3^ or 
^ kilowatt transformer. For a 1 kilowatt transformer, 
No. 16 wire is needed. 

B. Magnetic leakage transformers. A magnetic leak- 
age transformer is so constructed that, if the leakage gap 
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Fig. 28.— The Circuit of a Protecting Device for iio-Volt 

Supply Lines. 

were closed, the primary and secondary would be, in effect, 
wound on two separate closed cores. The Clapp-Eastham 
type T transformers are built in that way. 

The advantage of this type is that it is self-controlling. 
When a discharge takes place across the secondary, lines 
of magnetic force stream the leakage gap, virtually closing 
the part of the core on which the secondary is wound. 
The impedance of the secondary is increased thereby, 
and an excessive current is unable to flow. 

C. Protective devices. The imderwriters' rules call for 
a protective device to prevent surges from the transformer 
back into the live. Fig. 28 gives the connections for a 
single and satisfactory type. 

Two condenser of 0.02 mfd. are connected across the 
line, with a ground connection between them. Fuses are 
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also needa?, of a size to carry a 50 per cent, transformer 
overload. 

D, Telegraph keys. Because a current drawn by a 
transformer is large, the key contacts must have surfaces 




ilg. 2S.— The Acme Traasfonnei Contams a ControUinE Impedance. 
J4 to J^ inch in diameter. Sparking the contacts can be 
reduced by shunting them with a paper condenser of 0.01 
mfd. 

E. Cuirent supply. Transformers are generally de- 
seed to work on 110 volts a. c. In ordering a trans- 
former, it is necessary to state the frequency of the cur- 
rent supply. When 500 or 1,000 cycles b available, it 
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offers the advantage of a higher spark note, and makes 
possible the use of a smaller condenser and transformer. 

F. Plain spark gaps. The high voltages and the heavy- 
current handled by the spark gap of a transformer set 
requires comparatively heavy construction and the best 
of insulation. Gap faces should range from J^ inch in 
diameter for J^ kilowatt to % inch for 1 kilowatt. Zinc, 
nickel, steel, silver, or brass are used for the electrodes. 
Radiators behind the electrodes are needed if the trans- 
mitter is used for very long at a time. It is important to 
have the gap faces absolutely parallel, otherwise the 
sparking will occur at one point instead of over the entire 
surface. 

The International Ladio Company uses an excellent 
t3'pe of gap, made of plates 13^ inches in diameter and 
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Fig. 30. — A Sectional View of the Lowenstien Type Quenched 
1 Spark Gap. 

y^ inch thick, separated by mica washers. Four to eight 
of these plates are used, depending upon the power. The 
sparking takes place around the edges of the plates. 
A bakelite rod, passing through the center, holds the gaps 
and washers in place. 

For the base, bakelite is preferable. If cost or difiCiculties 
of obtaining it prohibit the use of a heavy bakelite base, a 
3^ inch plate can be mounted on a hollowed wooden base. 

G. Quenched spark gaps. A disadvantage of the 
quenched gap on a 60-cycle set is the low note which it 
produces. For this reason this type is seldom used for 
experimenters' transmitters. An interesting gap origi- 
nated by the Lowenstien Company is shown in Fig. 30. 
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It ctMUBSts of two concentric brass or copper cj-linders, 
sealed and separated by bakelite wasliers, This is simple 
to make and just as good as the usual type. If the gap 
heats excessively, a fan, operated by a battery motor, 
CM be arranged to send an air current through the pap. 




Tig. SL— An Excellent Bzample of the Oscillation Tnnsfanner, 
from ttie Intenutional Radio Company. 

H. Rotaiy spaik gaps. Most of the rotary spark gaps 
for experimental sets now on the market are of inefficient 
demgn. He purpose of the rotary gap is to provide a 
abort, low resistance gap during the time of the first dis- 
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charge of the condenser, and to damp out the oscillations 
which follow the first impulse, by increasing the length 
and resistance of the gap. 

To accomplish such a result the electrodes should not 
be large, for they will not increase the gap length quickly 
enough. Broad, blunt-edged electrodes, parallel to the 
axis of the motor shaft, are preferable. In this case the 
stationery electrode is in the plane of the rotor. This 
also requires a blimt-edged electrode. 

The rotor can be cut from a solid piece of brass }/s inch 
thick, insulated from the motor shaft by a bakelite plate. 
It is essential that the rotor runs true, otherwise the gaps 
will not be of the same length, and vibration will be 
created. The stationery electrode must be closely ad- 
justable. 

Rotary spark gaps with several gaps are not good. 

I. Transmitting condenser. Particularly on large sets, 
the condenser is a source of serious losses, the greatest of 
which are those in the dielectric. Other losses are due to 
resistance and discharges around the plates. 

Glass-plate condensers, if made from specially selected 
glass, are satisfactory, though they are liable to break 
down if overloaded to any great extent. This is also true 
of the Leyden jar types. 

Miu-dock moulded condensers are, perhaps, the most 
practical for experimental use. They are efficient, with- 
stand fair overloads, and are not expensive. 

Mica condensers are best of all, in the matter of effi- 
ciency, but their cost puts them beyond most experi- 
menters, 

J. Oscillation transformer. Heavy insulating pillars of 
bakelite are needed to support the turns of the oscillation 
transformer. As little metal as possible aside from the 
conductors should be used in this instrument for the high 
frequency currents induce eddy losses in the metal parts. 

Edgewise wound ribbon or soUd copper wire present 
considerable resistance, for the current tends to crowd on 
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• 

the inner diameter of the conductor. Therefore flat cop- 
per strip, J^ to 3^ inch wide, should be used woimd in the 
form of a solenoid or flat pancake. The thickness is not 
important, though it should be No. 24 B. & S. gauge or 

more. 

39. TRANSFER AND LIGHTING SWITCHES. 

Experimenters often construct their instruments and 
antennas with great care, insulating each part carefully, 
but neglect the transfer and lightning switches. Insu- 
lation at these points is as important as at any others. 
A slate base and the dust, largely carbon particles, which 
collect on an exposed lightning switch, form a good con- 
ducting path between the antenna and the ground. 

Both transfer and lightning switches should be set upon 
corrugated insulating pillars, with the leakage path be- 
tween antenna and ground several inches in length. 



CHAPTER Vm 

VACUUM TUBE TRANSMITTERS 

For telegraphy, either damped or undamped, and 
telephony, the vaccum tube has taken a permanent place 
in the radio field, in competition with the older spark 
coil and transformer. 200 meter undamped telegraphy 
has the disadvantages of being difficult to heterodyne at 
the receiving station. This can be overcome, however, 
by the use of the rotary tone condenser. 

Modulated vacuum tube transmitters in which a buzzer 
or tone circuit is employed to alter the undamped oscilla- 
tions into audio-frequency groups are already popular. 
The low power telephone has also established itself among 
experimenters. Vacumn tubes of high power, that is 
3^ to 1 kilowatt, have not come into use because of the 
difficulty in obtaining the tubes. At present, therefore, 
experimental sets are confined to the use of De Forest 
Marconi VTs, a type which leaves much to be desired 
when employed as transmitting bulbs. 

The design of a 200 meter set is quite a different prob- 
lem from that of the commercial type. Moreover, some 
of the apparatus calls for the cut and try method which 
has been so largely eliminated in receiving circuits. 
Consequently, this chapter must be more on how to make 
rather than how to design vacumn tube sets. 

40. ESSENTIALS OF VACUUM TUBE TRANSMITTING 

CIRCUITS. 

A. The four circuits. A modulated vacuum tube trans- 
mitter can be divided into fom* circuits, the radiating, 
oscillating reaction and modulation circuits. Ifun- 
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damped waves are employed the modulation circuit is, of 
course, omitted. The radiating circuit includes an in- 
ductance, possibly a tuning condenser, and the antenna 
and ground. The oscillating circuit contains an induc- 
tance and capacity to which energy is supplied from the 
plate circuit. Means of coupUng to the oscillating cir- 
cuit either electro-magnetic or electrostatic, connected 
with the grid or filament, comprise the reaction circuit. 
In the modulation circuit is a telephone transmitter, tone 
circuit, or buzzer by means of which a varying change 
can be placed on the grid of the reaction circuit. 

As a matter of fact these four circuits are often ar- 
ranged in such a way that the same instruments are in 
the two or three of the dividing circuits. Of the many 
combinations, a few of the most successful are described 
in the following sections: 

41. A SIMPLE TRANSMITTER. 

The advantage of this type of imdamped wave set is that 
one or more tubes can be used without compUcating the 
circuit, and that an unusually small number of instru- 
ments is required. It can be used as a modulated tele- 
graph or telephone set, as will be shown in Sections 42 
and 43. 

A. Antenna tuning inductance. The entire coil or part 
of it can be used in the radiating circuit, depending upon 
the amount of inductance needed to give, with the an- 
tenna capacity, the wave-length required. High fre- 
quency cable should be used on the coil, to keep the re- 
sistance of the radiating circuit as low as possible. Taps 
are provided to give a rough adjustment of the inductance. 

B. Antenna variometer. A small coil is mounted in- 
side the open end of the inductance just described, to 
allow a close adjustment of the total inductance in the 
radiating circuit. The dimensions of the winding can be 
determined by the data given in the previous chapters. 

C. Coupling adjustment. By following the wiring. 
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diagram Fig. 34, it can be seen that a part of the tuning 
inductance is included in the plate or oscillating circuit. 
By varying the plate switch, the coupling to the antenna 
can be regulated. 

D. Reaction coupling. The inductance of the reaction 
coil, connected across the grid and filament, cannot be 
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Fig. 34. — ^Undamped Wave Transmission can be Accomplished 

with this Circuit. 

figured accurately. Practice, however, shows that it 
should have an inductance value nearly equal to that of 
the antenna coil. This winding can be of soUd wire, as 
its resistance is not important. It should be located at 
the closed end of the antenna coil. 

E. Transmitting key. Telegraphic signals are made 
by opening and closing the plate circuit. A condenser of 
0.5 mfd. can be seen in the ground circuit. This does not 
affect the wave-length, but prevents the short-circuiting 
of the d. c. voltage supply to the plate. 

F. Additional tubes. More vacumn tubes can be 
added to increase the power by connecting the plate 
and girds in parallel, and the filaments in series or parallel 



For Radio Transmitters 



81 



G. Method of adjusting. The radiated wave-length 
depends upon the antenna capacity inductance of the 
tuning coil, of the variometer, and the mutual inductance 
between these two coils. Radiation is dependent upon 
the reaction coupling and plate coupling. An advantage 
of this set is that it will operate efficiently over a consid- 
erable range of wave-length and antenna resistances. 

42. A MODULATED TRANSMITTER. 

The circuit for this set is given in Fig. 35. The instru- 
ments are the same as those described in Section 41, with 



V 




Fig. 36. — ^Diagram of a Simple Modulated Undamped 

Wave-Transmitter. 



the addition of a buzzer, the vibrator of which is inserted 
in the grid circuit. When the filament switch is closed, 
undamped waves are radiated from the antenna. Oper- 
ating the buzzer by means of the key puts a varying 
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charge on the grid of the tube, modulating the oscillations 
to form audio-frequency groups. While this method is 
not as efficient as the vacuimi tube modulation, it is satis- 
factory for smaller sets. 



V 




Cig. 36. — ^The Addition of a Telephone Modulator Makes Possible 

the Transmission of Speech. 



43. A TELEPHONE TRANSMITTER. 

In Fig. 36 is a diagram of a telephone set, using in- 
struments similar to those described in Section 41. A 
telephone transmitter and modulation transformer are 
employed to impress the voice frequencies on the grid 
circuit. For experimenting, a small open core trans- 
former with a step up ratio of 1 to 10 can be employed. 
There are several good types of modulation transformers 
on the market. 
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An adjustable battery b inserted in the grid to adjust 
the voltage on the grid of the tube. 

44. ANOTHER TYPE OF TRANSMITTER. 

A type of transmitter little known to experimenters ia 
shown in F^. 37. The main inductance is divided into 
four coils, wound close together on the same tube. In the 
middle are two coils in series with a variometer winding. 
As the diagram shows, they are in the antenna or radiating 
circuit. At one end there is a coil of 5 to 10 turns, con- 

lO,Ooa ohms 
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Fig. 37. — Anotbei Circuit for a Wireleas Telephone Set 

nect*d to the grid, and at the other end a coil of the 
same size, in the plate circuit. 

All the tuning is done with the antenna coils, vario- 
meter, and a 0.0005 mfd. maximum variable condenser. 
This set will operate over a short range of wave-length 
and antenna capacities and resistances, maintaining a 
fairly constant output, a characteristic lacking in many 
circuits. 

Modulation is effected by means of an auxiliary tube. 
It will be seen that a modulation transformer is connected 
to the grid of the second tube. The plate current supply 
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to both tubes passes through an iron core choke coil of 
about 1 henry. This coil, by reason of its high impe- 
dance, maintains the current at a constant amplitude. 
Therefore, when the current in the modulator tube is 
decreased by the application of a negative charge on its 
grid, from the modulation transformer, the current in 
the first or oscillator tube must increase, and vice versa. 
Thus the undamped waves are generated by the oscilla- 
tions unmodulated at voice frequencies. This is the 
most efficient method. 

This circuit can be used for imdamped wave telegraphy 
by omitting the modulator or circuit and choke coil, or 
an oscillating circuit, of such constants as to produce 
audio-frequency note, can be connected in place of the 
transformer shown in Fig. 37. In that case, the choke 
coil should be left in the circuit. 

46. LOOP TRANSMITTERS. 

Where a; loop is to be used as an antenna, it can be in 
shunt with a variable air-condenser, across the antenna 
and ground posts. Another system sometimes used is to 
replace the inductance in Fig. 19 with a loop, taking the 
center tap from the middle of the loop as is done on the 
coil. 
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folding plates. New Edition. Price $4.00 

WHAT IS SAID OF THIS BOOK: 

"It is the best book on the Automobile seen up to date." — ^J. H. Pile. Associate Editor 
Automobile Trade Journal. 

"Every Automobile Owner has use for a book of this character." — The Tradesman. 

"This book is superior to any treatise heretofore pubUshed on the subject." — The 
Invenlitc Age. 

" We know of no other volume that is so complete in all its departments, and in which 
the wide field of automobile construction with its mechanical intricacies is so plainly 
handled, both in the text and in the matter of illustrations." — The Motorist. 

"The book is very thorough, a careful examination failing to disclose any point in 
connection with the automobile, its care and repair, to have been overlooked." — 
Iron Age. 

"Mr. Page has done a great work, and benefit to the Automobile Field." — W. O. 
ilasford, Mgr. V. M. C. A. Automobile School, Boston, Mass. 

**Tt is just the kind of a book a motorist needs if he wants to understand his car.** — 
American Thresherman. 

^-tCE MODERN MOTOR TRUCK, ITS DESIGN, CONSTRUCTION, OPERA- 
TION AND REPAIR. By Victor W. Pag6. 

Just off the press and treats on all types of motor trucks and industrial tractors and 
"t:railers. It considers all types of trucks, gasoline and electric, and all varieties of 
truck bod'es. This book is written in language everyone can understand and is 
not in any sense of the word a technical treatise. It is a practical volume that will 
Xnake special appeal to the truck driver who seeks to better his position and to the 
mechanic charged witli the repair and upkeep of trucks. The factory or business 
executive who wants to obtain a complete working knowledge of truck operation 
l)roblems will find this book a reference work of great value. The truck salesman or 
5iutomobile dealer will find that this work contains information that means money 
■♦-o them. All garage and service station men should have a copy of this book for 
• eference because truck construction differs from passenger car design in many im- 
r>Cirtant respects. Anyone who reads this book is in touch with all the practical 
Teatures that have been tested out in real service. 1921 Edition. Cloth, 6x9. 
962 pages. 750 illustrations Price $6.00 



CATALOGUE OF GOOD, PRACTICAL BOOKS 



THE MODEL T FORD CAR, ITS CONSTRUCTION, OPERATION A] 

REPAIR, INCLUDING THE FORDSON FARM TRACTOR, F. A. LIGi 

ING AND STARTING SYSTEM, FORD MOTOR TRUCK. By Vict 

W. Pag6. 

This is the most complete and practical instruction book ever published on the F 
car and Fordson tractor. All parts of the Pord Model T car and Fordson tra< 
are described and illustrated in a comprehensive manner. The constructioi 
fully treated and operating principle made clear to everyone. Complete instructj 
for driving and repairing are given. To the New Revised Edition matter has b 
added on the Ford Truck and Tractor Conversion Sets and Genuine Fordson Trac 
All parts are described. All repair processes illustrated and fully explained. Writ 
so all can imderstand — ^no theory, no guesswork. New revised and enlarged Edit 
just published. 153 illustrations, 410 pages, 2 large folding plates. Price $2 

AUTOMOBILE STARTING, LIGHTING AND IGNITION SYSTEMS. 
Victor W. Pag6, M.E. 

This practical volume has been written with special reference to the requirements of 
non-technical reader desiring easily imderstood. explanatory matter, relating to 
types of automobile ignition, starting and lighting systems. It can be imderstood 
anyone, even without electrical knowledge, because elementary electrical principles 
considered before an3^ attempt is made to discuss features of the various systei 
These basic principles are clearly stated and illustrated with simple diagrams. All 
leading systems of starting, lighting and ignition have been described and illustrated u 
the co-operation of the experts employed by the manufacturers. Wiring diagrams 
shown in both technical and non-technical forms. All symbols are fully explained, 
is a comprehensive review of modem starting and ignition system practice, and inclu« 
a complete exposition of storage battery construction, care and repair. All types 
starting motors, generators, magnetos, and all ignition or lighting system imits i 
fully explained. The systems of cars already in use as well as those that are to coi 
are considered. Every person in the automobile business needs this volume. 5)^x7 
Cloth. 815 pages, 492 illustrations, 3 folding plates. New revised and enlarg 
edition. Price $8.* 

GASOLINE AND EIEROSENE CARBURETORS, CONSTRUCTION, £ 

STALLATION AND ADJUSTMENT. By VrcrroB W. Pag6. A new u 

to-date Book on Modem Carbureftion Practice. 

This is a simple, comprehensive, and authoritative treatise for practical men < 
plaining all basic principles pertaining to carburetion, showing how liquid fiicJs i 
vaporized and turned into gas for operating all types of internal combusnon enemies 
tended to operate on vapors of gasoline, kerosene, benzol, and alcohol. All leading ty] 
of carburetors are described in detail, special attention being given to the forms aevif 
to use the cheai)er fuels such as kerosene. Carburetion troubles, fuel system troabl 
carburetor repairs and installation, electric primers and economizers, not spot ma 
folds and all modem carburetor developments are considered in a thorough mass 
Methods of adjusting all types of carburetors are full^ discussed as well as suM 
tions for securing maximum fuel economy and obtaimng highest engine power. 
This book is invaluable to repairmen, students, and motorists, as it includes t 
most complete exposition on kerosene carburetors ever published. The diawli 
showing carbiu*etor construction are made from accurate engineering designs a 
show aU parts of late types of carburetors. 213 pages. 89 illustrations. . 9SJ 

HINTS AND TIPS FOR AUTOMOBILISTS. By Victor W. Pagi^. 

The book is ideal for the busy man or woman who wants to know about car o 
and upkeep because of the economies possible when an automobile is intel 
operated. It contains many moneynsaving hints and a brief simple exposi„. 
location and remedy of roadside troubles apt to occur under ordinary OjMrsn 
conditions. Price To ^IB 




CATALOGUE OF GOOD, PRACTICAL BOOKS 

AUTOMOBILE REPAIRING MADE EASY. By Victor W. Pag6, M.E. 

A comprehensive , practical exposition of every phase of modem automobile repairing 
practice. Outlines every process incidental to motor car restoration. Gives plans for 
workshop construction, suggestions for equipment, power needed, machinery and tools 
necessary to carry on the business successfully. Tells how to overhaul and repair all 
parts of all automobiles. Everything is explained so simply that motorists and students 
. can acquire a full working knowledge of automobile repairing. This work starts with 
the en^ne, then considers carburetion, ignition, cooling and lubrication systems. The 
clutch, change-speed gearing and transmission system are considered in detail. Contains 
instructions for repairing all types of axles, steering gears and other chassis parts. 
Many tables, short cuts in figuring and rules of practice are ^ven for the mechanic. 
Explains fully valve and magneto timing, "tuning" engines, systematic location of 
trouble, repair of ball and roller bearings, shop kinks, first aid to injured and a multi- 
tude of subjects of interest to all in the garage and repair business. 

This book contains svecial instructions on electric starting, lighting and ignition systems, 
tire repairing and rebuilding, autogenous welding, brazing and soldering, heat treatment of 
steel, latest timing practice, eight and twelve-cylinder motors, etc. 5Mx8. Cloth. 1060 
pages, 1,000 illustrations, 11 folding plates. Price $4.00 

WHAT IS SAID OF THIS BOOK: 

** 'Automobile Repairing Made Easy ' is the best book on the subject I have ever seen 
and the only book I ever saw that is of any value in a garage."— Fred Jeffrey, Martins- 
burg, Neb. 

"I wish to thank you for sending me a copy of 'Automobile Repairing Made Easy.' I 
do not think it could be excelled." — S. W. Gisriel, Director of Instruction, Y. M. C. A., 
Philadelphia, Pa. 

^JESTIONS AND ANSWERS RELATING TO MODERN AUTOMOBILE 
CONSTRUCTION, DRIVING AND REPAIR. By Victor W. Pag6, M.E. 

I', A practical self-instructor for students, mechamcs and motorists, consisting of thirty- 
seven lessons in the form of questions and answers, written with special reference to the 
requirements of the non-technical reader desiring easily imderstood, explanatory 
matter relating to all branches of automobiling. The subject-matter is absolutely 
correct and explained in simple language. If you can't answer all of the following 
questions, you need this work. The answers to these and nearly 2000 more are to 
be found in its pages. Give the name of all important parts of an automobile and 
describe their functions? Describe action of latest types of kerosene carburetors? 
What is the difference between a "double" ignition system and a "dual" ignition 
system? Name parts ot an induction coil? How are valves timed? What is an 
ckctric motor starter and how does it work? What are advantages of worm drive 
gearing? Name all important types of ball and roller bearings? What is a " three- 
ooarter" floating axle? What is a two-speed axle? What is the Vulcan electric gear 
mift? Name the causes of lost power in automobiles? Describe all noises due to 
doranged mechanism and give causes? How can you adjust a carburetor by the 
color of the exhaust gases? What causes "popping" in the carburetor? What tools 
and supplies are needed to equip a car? How do you drive various makes of cars? 
What is a differential lock and where is it used? Name different systems of wire 
wheel construction, etc., etc. A popular work at a popular price. 5)^ x7H. Cloth. 
701 pages, 387 illustrations, 3 folding plates. New revised edition. Price $2.60 

WHAT IS SAID OF THIS BOOK: 
"If you own a car — get this book." — The Glassworker. 

I** Mr. Pag6 has the faculty of making diflBcult subjects plain and imderstandable." — 
Bristol Press. 

I "We can name no writer better qualified to prepare a book of instruction on auto- 
"•lobiles than Mr. Victor W. Pag6." — Scientific American. 

"The best automobile catechism that has appeared." — Automobile Topics. 

"There are few men, even with long experience, who will not And this book useful. 
Oreat pains have been taken to make it accurate. Special recommendation must be 
given to the illustrations, which have been made specially for the work. Such ex- 
cellent books as this greatly assist in fully understanding your automobile." — En" 
Vineering News, 

s 
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HOW TO RUN AN AUTOMOBILE. By Victor W; Page. 

This treatise gives concise instructions for starting and running all makes of gasoli] 
automobiles, how to care for them, and gives distinctive features of control. D 
scribes every step for shifting gears, controlling engine, etc. Among the chapte 
contained are: I. Automobile Parts and Their Functions. II. General Startii 
and Driving Instructions. III. Control Systems — Care of Automobiles. Thorough 
illustrated. 178 pages. 72 illustrations. Price $1.£ 

THE AUTOMOBILIST'S POCKET COMPANION AND EXPENSE RECORI 

By Victor W. Page. 

This book is not only valuable as a convenient cost record, but contains much i 
formation of value to motorists. Includes a condensed digest of auto laws of < 
States, a lubrication schedule, hints for care of storage battery, and care of tire 
location of road troubles, anti-freezing solutions, horse-power table, driving hin 
and many useful tables and recines of interest to all motorists. Not a technic 
book in any sense of the word, just a collection of practical facts in simple languai 
for the every -day motorist. Convenient pocket size. Price $1.£ 

AUTOMOBILE WELDING WITH THE OXY-ACETYLENE FLAME. I 

M. Keith Dunham. 

Explains in a simple manner apparatus to be used, its care, and how to constni 
necessary shop equipment. Proceeds then to the actual welding of all automobi 
parts, in a manner imderstandable by everyone. (jives principles never to be f c 
gotten. This book is of utmost value, since the perplexing problems arising wh( 
metal is heated to a melting point are fully explained and tlie proper metnods 
overcome them shown. 167 pages. Fully illustrated. Price $1.{ 



AUTOMOBILE, AVIATION AND MOTORCYCLE CHART 

AVIATION CHART— LOCATION OF AIRPLANE POWER PLANT TROUBLE 
MADE EASY. By Major Victor W. Page, A.S., S.C.U.S.R. 

A large chart outlining all parts of a typical airplane power plant, showing the poin 
where trouble is apt to occur and suggesting remedies for the common defects. I; 
tended especially for aviators and aviation raec^hanics on school and field dut 
Price 36 cen 

CHART. GASOLINE ENGINE TROUBLES MADE EASY— A CHART SHO^ 
ING SECTIONAL VIEW OF GASOLINE ENGINE. Compiled by Vicrc 
W. Page, M.E. 

It shows clearly all parts of a typical four-cylinder gasoline engine of the four-cyc 

type. It outlines distinctly all parts liable to give trouble and also details the d' 

rangements apt to interfere with smooth engine operation. 

Valuable to students, motorists, mechanics, repairmen, garagemen, automobile sale 

men, chauffeurs, motorboat owners, motor-truck and tractor drivers, aviators, moto 

cyclists, and all others who have to do with gasoline power plants. 

It simplifies location of all engine troul^les, and while it will prove invaluable to tl 

novice, it can be used to advantage by tho more expert. It should be on the walls < 

every public and private gara«e, jiutoniobile repair shop, club house or school. It ca 

be carried in the automobile or pocket with ease, and will insure against loss of tin: 

when engine trouble manifests itself. 

This sectional view of engine is a complete review of all motor troubles. It is prepare 

by a practical motorist for all who motor. More information for the monev than eve 

before offered. No details omitted. Size 25x38 inches. Securely mailed on recein 

of 36 eent 
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CHART. LOCATION OF FORD ENGINE TROUBLES MADE EASY. Com- 
pil^ by Victor W. Pag6, M.E. 

This shows clear sectional views depicting all portions of the Ford power plant and 
auxiliary groups. It outlines clearly all parts of the engine, fuel supply system, igni- 
tion group and cooling system, that are apt to give trouble, detailing all derangements 
that are liable to malce an engine lose power, start hard or work irregularly. This 
chart is valuable to students, owners, and drivers as it simplifies location of all engine 
faults. Of great advantage as an instructor for the novice, it can be used equally welJ 
by the more expert as a work of reference and review. It can be carried in the tool- 
box or pocket with ease and will save its cost in labor eliminated the first time engine 
trouble manifests itself. Prepared with special reference to the average man's needs 
and is a practical review of all motor troubles because it is based on the actual ex- 
perience of an automobile engineer-mechanic with the mechanism the chart describes. 
It enables the non-technical owner or operator of a Ford car to locate engine de- 
rangements by systematic search, guided oy easily recognized symptoms instead of by 
guesswork. It makes the average owner independent of the roadside repair shop 
when touring. Must be seen to be appreciated. Size 25x38 inches. Printed on 
heavy bond paper. Price 86 cents 

CHART. LUBRICATION OF THE MOTOR CAR CHASSIS. Compiled by 
Victor W. Pag6, M.E. 

This chart presents the plan view of a typical six-cylinder chassis of standard design 
and all parts are clearly indicated that demand oil, aiso the frequency with which they 
must be lubricated and the kind of oil to use. A practical chart for all interested in 
motor-car maintenance. Size 24x38 inches. Price 86 cents 

CHART. LOCATION OF CARBURETION TROUBLES MADE EASY. Com- 
piled by Victor W. Pag6, M.E. 

This chart shows all parts of a typical pressure feed fuel supply system and gives 
causes of trouble, how to locate defects and means of remedying them. Size 24x38 
inches. Price 86 cents 

CHART. LOCATION OF IGNITION SYSTEM TROUBLES MADE EASY. 

Compiled by Victor W. Pag6, M.E. 

In this diagram all parts of a typical double ignition system using battery and magneto 
current are shown, and suggestions are given for readily finding ignition troubles and 
eliminating thorn when foimd. Size 24x38 inches. Price 86 cents 

CHART. LOCATION OF COOLING AND LUBRICATION SYSTEM FAULTS. 

Compiled by Victor W. Pag6, M.E. 

This composite diagram shows a typical automobile power plant using pump circulated 
water-cooling system and the most popular lubrication method. Gives suggestions 
for curing all overheating and loss of power faults due to faulty action of the oiling 
or cooling group. Size 24x38 inches. Price 86 cents 

CHART. LOCATION OF STARTING AND LIGHTING SYSTEM FAULTS. 

The most complete chart vet devised, showing all parts of the modem automobile 
starting, lighting and ignition systems, giving instructions for systematic location of 
all faults in wiring, lamps, motor or generator, switches and all other imits. Invalu- 
able to motorists, chauffeurs and repairmen. Size 24x38 inches. Price . 36 cents 

CHART. MOTORCYCLE TROUBLES MADE EASY. Compiled by Victor 
W. PAGf:, M.E. 

A chart showing sectional view of a single-cylinder gasoline engine. This chart 
simplifles location of all power-plant troubles. A single-cylinder motor is shown for 
simplicity. It outlines distinctly all parts liable to give trouble and also details the 
derangements apt to interfere with smooth engine operation. This chart will prove 
of value to all who have to do with the operation, repair or sale of motorcycles. No 
details omitted. Size 30x20 inches. Price 36 cents 
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AVIATION 

A B C OF AVIATION. By Major Victor W. Pag6. 

This book describes the basic principles of aviation, tells how a balloon or dirigible 
is made and why it floats in the air. Describes how an airplane flies. It shows in 
detail the different parts of an airplane, what they are and what they do. Describes 
all types of airplanes and how they differ in construction; as well as detailing the 
advantages and disadvantages of different types of aircraft. It includes a complete 
dictionary of aviation terms and clear drawmgs of leading airpkmes. The reader 
will find simple instructions for impacking. setting up. and rigging airplanes. A 
full description of airplane control principles is given and methods of flying are dis- 
cussed at length. 

This book answers every question one can ask about modem aircraft, their con- 
struction and operation. A self-educator on aviation without an equal. 274 pages. 
130 specially made Illustrations with 7 plates. Price 92.60 

AVUTION ENGINES— DESIGN; CONSTRUCTION; REPAIR. By Major 

Victor W. Pag6, A.S., S.C.U.S.R. 

This treatise, written by a recognized authority on all of the practical aspects of 
internal combustion enrane construction, maintenance, and repair, fills the need as 
no other book does. The matter is logically arranged; all descriptive matter is 
simply expressed and copiously illustrated, so that anyone can understand airplane 
engine operation and repair ev^i if without previous mechanical training. This 
work is invaluable for anyone desiring to become an aviator or aviation mechanic. 
The latest rotary types, such as the Gnome Monosoupape, and LeRhone, are fully 
explained, as well as the recently developed Yee and radial types. The subjects 
of carburetion. ignition, cooling, and lubrication also are covered in a thorough manner. 
The chapters on repair and maintenance are distinctive and found in no other hook 
on this subject. Not a technical book, but a practical, easily understood work of 
reference for all interested in aeronautical science. 589 pages. 253 illustrations. 
Price, net S8.00 

GLOSSARY OF AVIATION TERMS — ENGLISH-FRENCH; FRENCH- 
ENGLISH. By Major Victor W. Pag6, A.S., S.C.U.S.R., and Lieut 
Paul Montariol, of the French Flying Corps. 

A complete glossary of practically all terms used in aviation, having lists in both 
French and English with equivalents in either language. Price, net . • $1X0 

APPLIED AERODYNAMICS. By G. P. Thompson. 

This is a scientific and mathematical treatise that has a special appeal to the student 
and engineer who are seeking exact information on the aerodynamics of heavier-than- 
air craft and data on airplane design testing. This book gives an up-to-date presen- 
tation of the existing state of Aeronautical Science. In addition to a very full dii 
cussion of the qualities which determine the speed and rate of climb of an aeroplane 
and the method by which they can be calculated, special attention is paid to stability 
— a problem now fairly well understood, and to controllability — our knowledge of 
which is at present in a much more elementary state. Attention is directed to the 
numerous directions in which further information is required, especially in the form of 
full-scale experiments. 312 pages (7 x 10). Illustrated with over 142 Diagrams 
and Graphic Charts. Price 912.60 

AVUTION CHART— LOCATION OF AIRPLANE POWER PLANT TROUBLES 
MADE EASY. By Major Victor W. Pag6, A.S., S.C.U.S.R. 

A large chart outlining all parts of a typical airplane power plant, showing the points 
where trouble is apt to occur and suggesting remedies for the common oefectsT In- 
tended especially for aviators and aviation mechanics on school and field duty. 
Price 86 9tmm 
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BRAZING AND SOLDERING 

BRAZING AND SOLDERING. By James F. Hobabt. 

The only book that shows you just how to handle any job of brazing or soldering that 
comes along : it tells you what mixture to use. how to make a furnace if you need one. 
Full of valuable kinks. The fifth edition of this book has just been published, and to 
it much new matter and a large number of tested formulae for all kinds of solders and 
fluxes have been added. Illustrated 86 cents 

SOLDERING AND BRAZING. By Raymond Francis Yates. 

This treatise gives all the necessary "kinks" that will enable one to accomplish suc- 
cessful soldering. If a mechanic has not succeeded in his soldering, . this book may 
tell him just what he needs to produce good work — something that he may hereto- 
fore have forgotten. Price 76 cents 
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HARTS 



MODERN SUBMARINE CHART. 

A cross-section view, showing clearly and distinctly aU the interior of a Submarine of 
the latest type. You get more information from this chart, about the construction and 
operation of a Submarine, than in any other way. No details omitted — everything 
is accurate and to scale. All the machinery and devices fitted in a modem Submarine^ 
Boat are shown 86 centi 

BOX CAR CHART. 

A chart showing the anatomy of a box car, having every part of the car nimibered and 
its proper name given in a reference list 36 cent» 

GONDOLA CAR CHART. 

A chart showing the anatomy of a gondola car, having every part of the car numbered 
and its proper reference name given in a reference list 86 cents 

PASSENGER-CAR CHART. 

A chart showing the anatomy of a passenger-car, having every part of the car nimibered 
and its proper name given in a reference list 36 cents 

STEEL HOPPER BOTTOM COAL CAR. 

A chart showing the anatomy of a steel Hopper Bottom Coal Car, having every part 
of the car numbered and its proper name given in a reference list 86 cents 

TRACTIVE POWER CHART. 

A chart whereby you can find the tractive power or drawbar pull of any locomotive 
without making a flguie. Shows what cylinders are equal, how driving wheels and 
steam pressure aflfect the power. What sized engine you need to exert a given drawbar 
pull or anything you desire in this line 50 cents 

HORSE-POWER CHART 

Shows the horse- power of any stationary engine without calculation. No matter what 
the cylinder diameter of stroke, the steam pressure of cut-off, the revolutions, or 
whether condensing or non-condensing, it's all there. Easy to use. accurate, and 
saves time and calculations. Especially useful to engineers and designers. 50 cents 

BOILER ROOM CHART. By Geo. L. Fowler. 

A chart — size 14x28 inches — showing in isometric perspective the mechanisms be- 
longing in a modem boiler room. The various parts are shown broken or removed, 
so that the internal construction is fully illustrated. Each part is given a reference 
number, and these, with the corresponding name, are given in a glossary printed at 
the sides 86 cents 
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CHEMISTRY 

HOW TO MAKE AND USE A SMALL CHEMICAL LABORATORY. By 
Raymond Francis Yates. 

The treatise covers all of the essentials of elementary chemistry. The law of definite 
proportions, solutions, crystalloids, colloids, electrolysis, etc., are explained. The 
second part of the book is devoted to chemical and electro-chemical experiments. 
Only those experiments that will tend to broaden the reader's knowledge of chemistry 
in general have been chosen. Price "76 cents 



CONCRETE 

JUST PUBLISHED—CONCRETE WORKERS' REFERENCE BOOKS. A 

SERIES OF POPULAR HANDBOOKS FOR CONCRETE USERS. 

Prepared by A. A. Houghton Each 75 cents 

The author, in preparing this Series, has not only treated on the usual types of construction, 
but explains and illustrates molds and systems that are not patented, out which are equal 
in value and often superior to those restricted by patents. These molds are very easily and 
cheaply constructed and embody simplicity, rapidity of operation, and the most successful 
results in the molded concrete. Each of these Twelve books is fully illustrated, and th« 
subjects are exhaustively treated in plain English. 

CONCRETE WALL FORMS. By A. A. Houghton. 

A new automatic wall clamp is illustrated with working drawings. Other types of 

wall forms, clamps, separators, etc., are also illustrated and explained. 

(No. 1 of Series) 76 cents 

CONCRETE FLOORS AND SIDEWALKS. By A. A. Houghton. 

The molds for molding squares, hexagonal and many other styles of mosaic floor and 
sidewalk blocks are fully illustrated and explained. (No. 2 of Series) . . 76 cents 

PRACTICAL CONCRETE SH^O CONSTRUCTION. By A. A. Houghton. 

Complete working drawings and specifications are given for several styles of concrete 
silos, with illustrations of molds for monolithic and block silos. The tables, data, and 
information presented in this book are of the utmost value in planning and constructing 
all forms of concrete silos. (No. 3 of Series) 76 cents 

MOLDING CONCRETE CHIMNEYS, SLATE AND ROOF TILES. By A. A. 

Houghton. 

The manufacture of all types of concrete slate and roof tile is fully treated. Valuable 
data on all forms of reinforced concrete roofs are contained within its pages. The 
construction of concrete chimneys by block and monolithic systems is fully illustrated 
and described. A number of ornamental designs of chimney construction with molds 
are shown in this valuable treatise. (No. 4 of Series.) 76 cents 

MOLDING AND CURING ORNAMENTAL CONCRETE. By A. A. Houghton. 

The proper proportions of cement and aggregates for various finishes, also the method 
of thoroughly" mixing and placing in the molds, are fully treated. An exhaustive 
treatise on. this subject that every concrete worker will find of daily use and value 
(No. 5 of Series.) 76 cents 

CONCRETE MONUMENTS, MAUSOLEUMS^AND BURIAL VAULTS. By 

A. A. Houghton. 

The molding of concrete monuments to imitate the most expensive cut stone is ex- 
plained in this treatise, with working drawings of easily built molds. Cutting In- 
scriptions and designs are also fully treated. (No. 6 of Series.) ... 76 eenti 
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MOLDING CONCRETE BATHTUBS, AQUARIUMS AND NATATORIUMI 

By A. A. Houghton. 

Simple molds and instruction are given for molding many styles of concrete oathtul: 
swimming-pools, etc. These molds are easily built and permit rapid and successf 
work. (Ko. 7 of Series.) 75 cen 

CONCRETE BRIDGES, CULVERTS AND SEWERS. By A. A. Houghto 

A nimiber of ornamental concrete bridges with illustrations of molds are given, 
collapsible center or core for bridges, culverts and sewers is fully illustrated with d 
tailed instructions for building. (No. 8 of Series.) 75 ceo 

CONSTRUCTING CONCRETE PORCHES. By A. A. Houghton. 

A niunber of designs with working drawings of molds are fully explained so anyo; 
can easily construct different styles of ornamental concrete porches without the pi: 
chase of expensive molds. (No. 9 of Series.) 76 cen 

MOLDING CONCRETE FLOWER-POTS, BOXES, JARDINIERES, ET< 

By A. A. Houghton. 

The molds for producing many original designs of flower-pots, urns, flower -box< 
jardinieres, etc., are fully illustrated and explained, so the worker can easily constru 
and operate same. (No. 10 of Series.) 76 cen 

MOLDING CONCRETE FOUNTAINS AND LAWN ORNAMENTS. By . 

A. Houghton. 

The molding of a number of designs of lawn seats, curbing, hitching posts, pergolas, si 
dials and other forms of ornamental concrete for the ornamentation of lawns and g£ 
dens, is fully illustrated and described. (No. 11 of Series) 75 cen 

CONCRETE FROM SAND MOLDS. By A. A. Houghton. 

A Practical Work treating on a process which has heretofore been h*^ld as a trade seci 
by the few who possessed it, and which will successfully mold every and any class 
ornamental concrete work. The process of molding concrete with sand molds is 
the utmost practical value, possessing the manifold advantages of a low cost of mol< 
the ease and rapidity of operation, perfect details to all ornamental designs, densi 
and increased strength of the concrete, perfect curing of the work without attenti 
and the easy removal of the molds regardless of any undercutting the design may hai 
192 pages. Fully illustrated. Price $2 A 

ORNAMENTAL CONCRETE WITHOUT MOLDS. By A. A. Houghto 

The process for making ornamental concrete without molds has long been held as 
secret, and now, for the first time, this process is given to the puolic. The bO' 
reveals the secret and is the only book published wliich explains a simple. practi< 
method whereby the concrete worker is enabled, by employing wood and metal tei 
plates of different designs, to mold or model in concrete any Cornice, Archive 
Column, Pedestal, Base Cap, Urn or Pier in a monolithic form — right upon the jc 
These may be molded in units or blocks, and then built up to suit the specificatio 
demanded. This work is fully illustrated, with detailed engravings. Price . $2.( 

CONCRETE FOR THE FARM AND IN THE SHOP. By H. Col 
Campbell, C.E., E.M. 

A new book illustrating and describing in plain, simple language many of t 
numerous applications of concrete within.the range of the home worker. Among t 
subjects treated are: 

Principles of reinforcing; methods of protecting concrete so as to insure proper hard€ 
ing; home-made mixers; mixing by hand and machine; form construction, describ 
and illustrated by drawings and photographs; construction of concrete walls a 
fences; concrete fence posts; concrete gate posts; comer posts; clothes line pos 
grape arbor posts; tanks; troughs; cisterns; hog wallows; feeding floors and bai 
yard pavements; foundations; well curbs and platforms; indoor floors ; sidewalks ; stei 
concrete hotbeds and cold frames ; concrete slab roofs ; walls for biiildings ; repairl 
leaks in tanks and cisterns, etc., etc. A number of convenient and practical tab 
for estimating quantities, and soma practical examples, are also given. (5 x 
149 pages. 51 illustrations. Price $1.( 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 

POPULAR HANDBOOK FOR CEMENT AND CONCRETE USERS. By 

Myron H. Lewis. 

This is a concise treatise of the principles and methods employed in the manufacture 
and use of cement in all classes of modem works. The author has brought together 
in this work all the salient matter of interest to the user of concrete and its many 
diversified products. The matter is presented in logical and systematic order, clearly 
written, fully illustrated and free from involved mathematics. Everything of value to 
the concrete user is given, including kinds of cement employed in construction, concrete 
architecture, inspection and testing, waterproofing, coloring and painting, rules, tables, 
working and cost data. The book comprises thirty-three chapters, 430 pages, 126 
illustrations. Price • $8.00 

WATERPROOFING CONCRETE. By Myron H. Lewis. 

Modem Methods of Waterproofing Concrete and Other Structures. A condensed 
statement of the Principles, Rules, and Precautions to be Observed in Waterprooflng 
and Dampproofing Structures and Structural Materials. Price • • • • 76 cents 

DICTIONARIES 



STANDARD ELECTRICAL DICTIONARY. By T. O'Conor Sloanb. 

An indispensable work to all interested in electrical science. Suitable alike for the 
student and professional. A practical handbook of reference containing definitions in 
about 5000 distinct words, terms and phrases. The definitions are terse and concise 
and include every term used in electrical science. Recently issued. An entirely new 
edition. Should be in the possession of all who desire to keep abreast with the progress 
of this branch of science. Complete, concise and convenient. Nearly 800 pages. Nearly 
600 illustrations. New Revised and Enlarged Edition. Price 96.00 

DIES— METAL WORK 



DIES: THEIR CONSTRUCTION AND USE FOR THE MODERN WOREING 
OF SHEET METALS. By J. V. Woodworth. 

A most useful book, and one which should be in the hands of all engaged in the pres- 
working of metals; treating on the Designing, Constructing, and Use of Tools, Fixtures 
and Devices, together with the manner in which they should be used in the Power 
Press, for the cheap and rapid production of the great variety of sheet-metal articles 
now In use. It is designed as a guide to the production of sheet-metal parts at the 
minimum of cost with the maximum of output. The hardening and tempering of 
Press tools and the classes of work which may be produced to the best advantage by 
the use of dies in the power press are fully treated. Its 505 illustrations show dies, 
press fixtures and sheet-metal working devices, the descriptions of which are so clear and 
practical that all metal-working mechanics will be able to understand how to design, 
construct and use them. Many of the dies and press fixtures treated were eitnOT 
constructed by the author or under his supervision. Others were built by sldlful 
mechanics and are in use in large sheet-metal establishments and machine shops. 
6th Edition. 400 pages, 523 illustrations. Price $8.60 

PUNCHES, DIES AND TOOLS FOR MANUFACTURING IN PRESSES. By 

J. V. Woodworth. 

This work is a companion volume to the author's elementary work entitled "Dies, Their 
Construction and Use." It does not go into the details of die-making to the extent of 
the author's previous book, but gives a comprehensive review of the field of operations 
carried on by presses. A large part of the information given has been drawn fh)m the 
author's personal experience. It might well be termed an Encyclopedia of Die-Making, 
Punch-Making, Die-Sinking, Sheet-Metal Working, and Making of Special Tools, SuD- 

Eresses, Devices and Mechanical Combinations for Punching, Cutting, Bending, Form- 
ig, jnercing, Drawing, Compressing and Assembling Sheet-Metal Parts, and abo Arti- 
cles of other Materials in Machine Tools. 3rd Edition. 483 pages, 702 illustrations. 
Price 94.60 
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CATALOGUE OF GOoD, PRACTICL BOOKS 



DRAWING— SKETCHING PAPER 

PRACTICAL PERSPECTIVE. By Richards and Colvin. 

Shows just bow to make all kinds of mechanical drawings in the only practical 
spective isometric. Makes everything plain so that any mechanic can undersi 
a sketch or drawing in this way. Saves time in the drawing room, and mistakes ii 
shops. Contains practical examples of various classes of work. 4th Edition. 75 c< 

LINEAR PERSPECTIVE SELF-TAUGHT. By Herman T. C. Kraus 

This work gives the theory and practice of linear perspective, as used in architccti 
engineering and mechanical drawings. Persons taking up the study of the sul: 
by themselves will be able, by the use of the instruction given, to readily grasp 
subject, and by reasonable practice become good perspective draftsmen. The arra 
ment of the book is good; the plate is on the left-hand, while the descriptive 
follows on the opposite page, so as to be readily referred to. The drawings ar 
sufficiently large scale to show the work clearly and are plainly figured. Thei 
included a self-explanatory chart which gives all information necessary tor the thorc 
understanding of perspective. This chart alone is worth many times over the prii 
the book. 2d Revised and enlarged Edition $£ 

SELF-TAUGHT MECHANICAL DRAWING AND ELEMENTARY MACH] 

DESIGN. By F. L. Sylvester, M.E., Draftsman, with additions by F 

Oberg, associate editor of *' Machinery." 

This is a practical treatise on Mechanical Drawing and Machine Design, compri 
the first principles of geometric and mechanical drawing, workshop mathema 
mechanics, strength of materials and the calculations and design of machine det 
The author's aim has been to adapt this treatise to the requirements of the prac 
mechanic and yoimg draftsman and to present the matter in as clear and conci 
manner as possible. To meet the demands of this class of students, practically al] 
important elements of machine design have been dealt with, and in addition alget 
formulas have been explained, and the elements of trigonometry treated in the mai 
best suited to the needs of the practical man. The book is divided into 20 chap 
and in arranging the material, mechanical drawing, pure and simple, has been U 
up first, as a thorough imderstanding of the principles of representing objects facilit 
the further study of mechanical subjects. This is followed by the mathematics nt 
sary for the solution of the problems in machine design which are presented later, 
a practical introduction to theoretical mechanics and the strength of materials, 
various elements entering into machine design, such as cams, gears, sprocket-wh 
cone pulleys, bolts, screws, couplings, clutches, shafting and fiy-wheels. have 1 
treated in such a wav as to make possible the use of the work as a text-book f 
continuous course of study. 333 pages, 218 engravings. Price . . . . $S 

A NEW SKETCHING PAPER. 

A new specially ruled paper to enable you to make sketches or drawings in isom< 
' perspective without any figuring or fussing. It is being used for shop details as 
as for assembly drawings, as it makes one sketch do the work of three, and no worki 
can help seeing just what is wanted. Pads of 40 sheets, 6x9 inches, 40 cents. I 
of 40 sheets, 9x12 inches. 76 cents; 40 sheets. 12x18. Price $1 

ELECTRICITY 



ARITHMETIC OF ELECTRICITY. By Prof. T. O'Conor Sloans. 

A practical treatise on electrical calculations of all kinds reduced to a series of rules 
of the simplest forms, and involving only ordinary arithmetic: each rule illustn 
by one or more practical problems, with detailed solution of each one. This boc 
classed among the most useful works published on the science of electricity, cove 
as it does the mathematics of electricity in a manner that will attract the atten 
of those who are not familiar with algebraical formulas. 22nd Edition. 196 oa 
Price ^1 
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CATALOGUE OF GOOD. PRACTICAL BOOKS 

COMMUTATOR CONSTRUCTION. By Wm. Baxter, Jr. 

The business end of any dynamo or motor of the direct current type is the commutator. 
This book goes into the designing, building, and maintenance of commutators, shows 
how to locate troubles and how to remedy them; everyone who fusses with dynamos 
needs this. 5th Edition 86 cents 

:ONSTRUCTION OF A TRANSATLANTIC WIRELESS RECEIVING SET. 

By L. G. Pacent and T. S. Curtis. 

A work for the Radio student who desires to construct and operate apparatus that 
will permit of the reception of messages from the large stations in Europe with an 
aerial of amateur proportions. 36 pages. 23 illustrations, cloth. Price . 86 cents 

DYNAMO BUILDING FOR AMATEURS, OR HOW TO CONSTRUCT A 
FIFTY- WATT DYNAMO. By Arthur J. Weed, Member of N. Y. Electrical 
Society. 

A practical treatise showing in detail the construction of a small dsniamo or motor, the 
entire machine work of which can be done on a small foot lathe. Dimensioned working 
drawings are given for each piece of machine work, and each operation is clearly 
described. This machine, when used as a dynamo, has an output of fifty watts ; when 
used as a motor it will drive a small drill press or lathe. It can be used to drive a 
sewing machine on any and all ordinary work. The book is illustrated with more 
than sixty original engravings showing the actual construction of the different parts. 
Among tile contents are chapters on: 1. Fifty- Watt Dynamo. 2. Side Bearing 
Rods. 3. Field Punching. 4. Bearings. 5. Commutator. 6. Pulley. 7. Brush 
Holders. 8. Connection Board. 9. Armature Shaft. 10. Armature. 11. Armature 
Winding. 12. Field Wmding. 13. Connecting and Starthig. Price, cloth, $1.00 

DESIGN DATA FOR RADIO TRANSMITTERS AND RECEIVERS, By 

Milton B. Sleeper. 

Far from being a collection of formulas, Design Data takes up in proper sequence the 

{)roblems encountered in planning all types of receiving sets for short, medium and 
ong wave work, and spark coil, transformer and vacuum tube transmitters operating 
on 200 meters. Tables have been worked out so that values can be foimd without 
the use of mathematics. Radio experimenters will find here information which will 
enable them to have the most modern and eflftcient equipment. Price . . 76 cents 

:>YNAMOS AND ELECTRIC MOTORS AND ALL ABOUT THEM. By 

Edward Trevert. 

This volume gives practical directions for building a two H. P. Dynamo of the Edison 
type capable of lighting about fifty mazda lamps of the 20-watt size. In addition, it 
gives directions for building two small electric motors suitable for running sewing 
machines. The concluding chapter describes the construction of a simple bichromate 
battery adapted for rimning electric motors. 96 pages. Fully illustrated with detail 
drawings. Cloth. Price $1.00 

SLECTRIC BELLS. By M. B. Sleeper. 

A complete treatise for the practical worker in installing, operating, and testing 
bell circuits, burglar olarms, thermostats, and otiier apparatus used with electric 
bells. Both the electrician and the experimenter will find in this book new material 
which is essential in their work. Tools, bells, batteries, unusual circuits, burglar 
alarms, annunciators, systems, thermostats, circuit breakers, time alarms, and other 
apparatus used in bell circuits are described from the standpoints of their applica- 
tion, construction, and repair. The detailed instructions for building the apparatus 
will appeal to the experimenter particularly. The practical worker will find the 
chapters on Wiring Calculation of Wire Sizes and Magnet Windings, Upkeep of 
Systems and the Location of Faults of the greatest value in their work. 124 pages. 
Fully illustrated. Price 75 cents 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 

EXPERIMENTAL fflGH FREQUENCY APPARATUS — HOW TO MAKE 
AND USE IT. By Thomas Stanley Curtis. 

This book teUs you how to build simple high frequency coils for experimental purpose 
in the home, school laboratory, or on the small lecture platform. The book is really 
a supplement to the same author's " High Frequency Apparatus." The experimental 
side only is covered in this volume, which is intended for those who want to build 
small coils giving up to an eigh teen-inch spark. The book contains valuable in- 
formation for the phjsics or the manual traming teacher who is on the lookout for 
interesting projects for his boys to build or experiment with. The apparatus is 
simple, cheap and perfectly safe, and with it some truly startling experiments may be 
performed. Among the contents are: Induction Coil Outfits Operated on Battery 
Current. Kicking Coil Apparatus. One-Half Kilowatt Transformer Outfit. Parts 
and Materials, etc., etc. 69 pages. Illustrated. Price 60 cent» 

HIGH FREQUENCY APPARATUS, ITS CONSTRUCTION AND PRACTICAL 
APPLICATION. By Thomas Stanley Curtis. 

The most comprehensive and thorough work on this Interesting subject ever produced. 
The book is essentially practical in its treatment and it constitutes an accurate record 
of the researches of its author over a period of several years, during which time dozens 
of coils were built and experimented with. The work has been divided into six basic 
parts. The first two chapters tell the uninitiated reader what the high frequency 
current is, what it is used for. and how it is produced. The second section, comprising 
four chapters, describes in detail the principles of the transformer, condenser, spark 
gap, and oscillation transformer, and covers the main points in the design and con- 
struction of these devices as applied to the work in hand. The third section covers 
the construction of small high frequency outfits designed for experimental work in the 
home laboratory or in the classroom. The fourth section is devoted to electro- 
therapeutic and X-Ray apparatus. The fifth describes apparatus for the cultivation 
of plaots and vegetables. The sixth section is devoted to a compi'eheDsive discussion 
of apparatus of large size for use upon the stage in spectacular productions. The 
closing chapter, giving the du-rent prices of the i arts and materials required for the 
construction of the apparatus described, is included with a view to expediting the 
purchase of the necessary goods. The Second Edition includes much new matter 
along the line of home-made therapeutic outfits for physicians' use. The matter on 
electro plant culture has also been elaborated upon. Second Revised and Enlarged 
Edition. 266 pages. New second edition. Fully illustrated. Price . $3.00 

ELECTRIC WIRING, DIAGRAMS AND SWITCHBOARDS. By Newton 
Harrison. 

A thoroughly practical treatise covering the subject of Electric Wiring in all its branches, 
including explanations and diagrams which are thoroughly explicit and greatly simplify 
the subject. Practical, every-day problems in wiring are presented and the method 
of obtaining inteUigent results clearly shown. Only arithmetic is used. Ohm's law 
is given a simple explanation with reference to wiring for direct and alternatintr 
currents. The fundamental principle of drop of potential in circuits is shown with its 
various applications. The simple circuit is developed with the position of mains, 
feeders and branches; their treatment as a part of a wiring plan and their employ- 
ment in house wiring clearly illustrated. Some simple facets about testing are included 
in connection with tlie wiring. Molding and conduit work are given careful considera- 
tion; and switchboards are systematically treated, built up and illustrated, showing 
the purpose they serve, for connection with the circuits, and to shunt and compound 
wound machines. The simple princijDles of switchboard construction, the develop- 
ment of ih'" switchboard, the connections of the various instruments, including the 
lightning arrester, are also plainly set forth. 

Alternating current wiring is treated, with explanations of the power factor, conditions 
calUng for various sizes of wire, and a simple way of obtaining the sizes for single-phase, 
two-phase and three-phase circuits. This is the only complete work issued showing 
and telling you what you should know about direct and alternating current wiring. It 
is a ready reference. The work is free from advanced technicalities and mathematics, 
arithmetic being used throughout. It is in every respect a handy, well- written, 
instructive, comprehensive volume on wiring for the wireman. foreman, contractor, 
or electrician. 3rd edition, revised and enlarged. 315 pages; 137 illustrations. 
Price $2.60 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 

ELECTRIC TOY MAKING, DYNAMO BUILDING, AND ELECTRIC MOTOR 
CONSTRUCTION. By Prof. T. O'Conor Sloans. 

This work treats of the maJdng at home of electrical toys, electrical apparatus, motors, 
dynamos and instruments in general, and is designed to bring within the reach or 
yoiuig and old the manufacture of genuine and useful electrical appliances. The work 
Is especially designed for amateurs and young folks. 

Thousands of our yoimg people are daily experimenting, and busily engaged in irmiring 
electrical toys and apparatus of various kinds. The present work is just what is want- 
ed to give the much needed information in a plain, practical manner, with illustrations 
to make easy the carrying out of the work. 20th Edition. 210 pages, 77 illustrations. 
Price $1.60 

ELECTRICI/UITS' HANDY BOOK. By Prof. T. O'Conor Sloans. 

This work is intended for the practical electrician who has to make things go. The 
entire field of electricity is covered within its pages. Amongsome ot the subjects treated 
are: The Theory of the Electric Current and Circuit, Electro-Chemistry, Primary 
Batteries, Storage Batteries, Generation and Utilization of Electric Powers, Alter- 
nating Current. Armature Winding. Dynamos and Motors. Motor Generators, 
Operation of the Central Station Switchboards. Safety Appliances, Distribution 
of Electric Light and Power. Street Mains, Transformers. Arc and Incandescent 
Ughting, Electric Measurements, Photometry, Electric Railways, Telephony, Bell- 
mring, Electric-Plating, Electric Heating, Wireless Telegraphy, etc. It contains no 
useless theory; evervthing is to the point. It teaches vou just what you want to 
know about electricity. It is the standard work published on the subject. Forty- 
six chapters, 600 engravings. New 5th Edition, Revised and Enlarged. Price $4.00 

ELECTRICITY SIMPLIFIED. By Prof. T. O'Conor Sloanb. 

The object of "Electricity Simplified" is to make the subject as plain as possible and 
to show what the modem conception of electricity is; to show how two plates of 
different metal, immersed in acid, can send a message aroimd the globe; to explahi 
how a bimdle of copper wire rotated by a steam engine can be the agent in lighting 
our streets, to tell what the volt, ohm and ampere are, and what high and low tension 
mean; and to answer the questions that perpetually arise in the mind in this age of 
electricity. 15th Revised Edition. 218 pages. Illustrated. Price . $1.60 

EXPERIMENTAL WIRELESS STATIONS. By P. E. Edelman. 

The theory, design, construction and operation is fully treated including Wireless 
Telephony, Vacuum Tube, and quenched spark systems. The new enlarged edition 
is just issued and is strictly up to date, correct and complete. This book tells 
how to make apparatus to not only hear all telephoned and telegraphed radio mes- 
sages, but also how to make simple equipment that works for transmission over rea- 
sonably long distances. Then there is a host of new information included. The 
first and only book to give you all the recent important radio improvements, some 
ol which have never before been published. This volume anticipates every need of 
the reader who wailts the gist of the art, its principles, simplified calculations, appara- 
tus dimensions, and understandable directions for efficient operation. 
Vacuum tube circuits; amplifiers; long-Klistance sets; loop, coil, and imderground 
receivers; tables of wave-lengths, capacity, inductance; such are a few of the sub- 
jects presented in detail that satisfies. It is independent and one of the few that 
describe all modem systems. 

Endorsed by foremost instructors for its clear accuracy, preferred by leading amateurs 
for its dependable designs. The new experimental Wireless Stations is sure 
to be most satisfactory for yoiu: purposes. 27 chapters, 392 pages. 167 iUustra* 
tions. Price $8.00 

RADIO TIME SIGNAL RECEIVER. By Austin C. Lescarboura. 

This new book, "A Radio Time Signal Receiver," teUs you how. to build a fldmple 
outfit designed expressly for the beginner. You can buud the outfits in your own 
workshop and install them for jewelers either on a one-payment or a rental baste. 
The apparatus is of such simple design that it may be made by the average amateor 
mecha^c possessing a few ordinary tools. 42 pages. Paper. Price . .86 
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CATALOGUE OF GOOD, KtACTICAL BOOKS 

HODSE WIRING. By Tbomab W. Poppe. 

This work describeg and Illustrates the actual installation Of Electric Light Wiring, 
the maimer In which the work ahould be done, and the method ot doing it. The boolc 
can be conveniently carried la the pocket. It 1e intended for the Electrician. Helps, 
and Apprentice. It solvea all Wiring Problems and contains nothing that oonflicta 
with tie rulings of the National Board ofFlrii linderwritCTS. It gives lust the Inforaia- 
tlon essential to tlie Successful Wiring of a Building. Among the subjects created are 
Locathig the Meter. Panel Boards. Switches. Plua Receptacles. Brackets. Ceiling 
Fixtures. The Meter Connections. The FLt-d Wh-cs. The Steel Armored Cable 
System. The Fleribla Steel Conduit Srstem. The Kldlg Conduit System. A digest 
of the National Board of Flra Underwriters' rules relating «) metaUlc wiring systemE, 
Various switching arrangements eiplalned and diagrammed. The ttaelost method or 
testing the Three- and Four-way circuits explained. The groundlnB of all mplalllc 
wiring systems and the reason tor doing et, shown and explained. The !^=i'i:.ti..n ni 
the metal pam of lamp Bitures and the reason for the same described ai 



Every young man who wishes to become a successful electrician should read tliis book. 
It tells in simple language Oie surest and easiest way to become a successful electriclui. 
The studies to be followed, methods of woric. Seld of operation and the requirement, 
of the Bucceasful electrician are pointed out and fully explahied. Every young en- 
gineer will find this an excellent st«pping stone to more advanced works on electricity 
which he must master before success can be attained. Many young men become dis- 
couraged at the very ouUtart by attempting to read and study books that are far 
beyond their comprehensioa. This book serves as the connecting Urk between the 
rudlmenis taught in the public schools and the real study of eiecMcity. It is inter- 
esting from cover to cover. 19th Revised Edition. Just issued. 205 pages. Illus- 
trated, Price «1.60 

RADIO HOOK-UPS. By Milton B. Slebpeb. 

In this book the best circuits for different instruments and various purpoeea have been 
carefully selected and grouped together. All the beat elrcuits for damped and im- 
dampcd wave receiving sets, buzzer.tepark coll and transformer sendii^ equipment, as 
well as vacuum tube telegraph and telephone transmitters, wavemeters, vacuum tube 
measuring instruments, audlbility meters, etc., are shown in tills book. , 75 cents 

STAMDARD ELECTRICAL DICTIONARY. By T. O'Conoe Sloane. 

An Indispensable work to all interested In electrical sdence. Suitable alike for the 
student and professional, A practical handbook of reference containing deOnitions 
of about &,000 distinct words, terms and phrasea. The deflnitJons are terse and 
Gondse and include every term used In elecmcal science. Becently issued. An en- 
tlrdy new edlUon. Should be in the possesion of all who desire to keep abreast with 
the progress of this branch of scionee. In Its arrangement and typography the book 
la very convenient. The word or term defined is printed In black-faced type which 
readily catches the eye, while the body of the page ts in smaller but distinct type The 
definitions are well worded, and so as to be undetatood by the non-technical reader. 
The general plan seems to lie to give an exact, concise definition, and then amplify 
and explain in a more papular way. Synonyms are also given, and references to other 
words and phrases are made. A very complete and accurate Index of fifty pages Is 
at the end of the volume; and as this Index contains all sj^onyms. and as all phrases 
are Indexed In every reasonable combtndtlon of words, reference to the proper plact 
In the body of the book Is readily made. It is difficult to decide how far a bocdc of 
this diararter Is to keep the dlcUonary form, and to what extent it may assume Ute 
«ocyclopedla form. For some purposes, concise, exactly worded definitions are needed; 
tor other purposes, more extended descriptions are reqmred. This book seeks to saUsfy 
boUi demands, and does it with considerable success. Complete, concise and con- 
venient. 800 pages. Nearly 500 tUuBtratlons, New Bovlsed and Bnlarged Edition. 
Price 96.00 



CATALOGUE uB OOOD, PRACTICAL BOOKS 



STORAGE BATTERIES SIMPLIFIED. By Victor W. Paq6, M.S.A.E. 

A complete treatise on storage battery operating principles, repairs and applications. 
The greatly increasing application of storage batteries in modem engineering and 
mechanical work has created a demand for a book that will consider this subject 
completely and exclusively. This is the most thorough and authoritative treatise 
ever published on this subject. It is written in easily imderstandable, non-technical 
language so that anyone may grasp the basic principles of storage battery action as 
well as their practical industrial appUcations. All electric and gasoline automobiles 
use storage batteries. Every automobile repairman, dealer or salesman should have a 
good knowledge of maintenance and repair of these important elements of the motor 
car mechanism. This book not only tells how to charge, care for and rebuild storage 
batteries but also outlines all the industrial uses. Learn how they run street cars, 
locomotives and factory trucks. Get an understanding of the important functions they 
I)erform in submarine boats, isolated lighting plants, railway switch and signal systems, 
marine appUcations, etc. This book tells how they are used in central station standby 
service, for starting automobile motors and in ignition systems. Every practical use 
of the modern storage battery is outhned in this treatise. 208 pages. Fully illus- 
trated. Price $2.00 

TELEPHONE CONSTRUCTION, INSTALLATION, WIRING, OPERATION 
AND MAINTENANCE. By W. H. Eadclifpb and H. C. Cushinq. 

This book is intended for the amateur, the wireman, or the engineer who desires to 
establish a means of telephonic communication between the rooms of his home, office, 
or shop, lb deals only with such tUngs as may be of use to him rather than ^*^th 
theories. 

Gives the principles of construction and operation of both the Bell and Independent* 
instruments; approved methods of installing and wiring them; the means of protecting 
them from lightning and abnormal currents; their connection together for operation 
as series or bridging stations ; and rules for their inspection and maintenance. Line 
wiring and the winng and operation of special telephone systems are also treated. 

Intricate mathematics are avoided, and all apparatus, circuits and systems are thor- 
oughly described. The appendix contains definitions of units and terms used in the 
text. Selected wiring tables, which are very helpful, are also included. Among the 
subjects treated are Construction, Operation, and Installation of Telephone Instru- 
ments; Inspection and Maintenance of Telephone Instruments; Telephone Line 
Wiring; Testing Telephone Line Wires and Cables; Wiring and Operation of Special 
Telephone Systems, etc. 2nd Edition, revised and enlarged. 223 pages. 154 
illustrations $1.60 

WIRELESS TELEGRAPHY AND TELEPHONY SIMPLY EXPLAINED. By 

Alfred P. Morgan. 

This is undoubtedly one of the most complete and comprehensible treatises on the 
subject ever published, and a close study of its pages will enable one to master all the 
details of the wireless transmission of messages. The author has filled a long-felt 
want and has succeeded in furnishing a lucid, comprehensible explanation in simple 
language of the theory and practice of wireless telegraphy and telephony. 

Among the contents are: Introductory; Wireless Transmission and Reception — The 
Aerial System, Earth Connections — The Transmitting Apparatus, Spark Coils and 
Transformers, Condensers, Helixes, Spark Gaps, Anchor Gaps, Aerial Switches — The 
Receiving Apparatus. Detectors, etc. — Tuning and Coupling, Tuning Coils, Loose 
Couplers, Variable Condensers, Directive Wave Systems — Miscellaneous Apparatus, 
Telephone Receivers, Range of Stations, Static Interference — ^Wireless Telephones, 
Sound and Sound Waves, The Vocal Cords and Ear — Wireless Telephone, How Soimds 
Are Changed into Electric Waves — ^Wireless Telephones, The Apparatus — Summan'. 
154 pages. 156 engravings. Price ..•••••••••• 91.60 

WIRING A HOUSE. By Herbert Pratt. 

Shows a house already built; tells just how to start about wiring it; where to begin; 
what wire to use; how to run it according to Insurance Rules; in fact, just the informa- 
tion you need. Directions apply equally to a shop. Fourth edition . . 86 cent* 
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ELECTROPLATPfG 

tHE MODERN ELECTROPLATER. By Kenneth M. Coggeshall. 

This is one of the most complete and practical books on electroplating and allied 
processes that has been published as a text for the student or professional plater. 
It is written in simple language and explains all details of electroplating in a concise 
yet complete manner. It starts at the beginning and gives an elementary outline 
of electricity and chemistry as relates to plating, then considers shop layout and 
equipment and gives all the necessary information to do reliable and profitable electro- 
plating in a modem commercial manner. Full instructions are given for the prepara- 
tion and finishing of the work and formulae and complete directions are included for 
making all kinds of plating solutions, many of these having been trade secrets until 
published in this instruction manual. Anyone interested in practical plating and 
metal finishing will find this book a valuable guide and complete manual of the art. 
Cloth. 142 illustrations. 276 pages. Price $8.00 



FACTORY MANAGEMENT, ETC, 

MODERN MACHINE SHOP CONSTRUCTION, EQUn>MENT AND 
MANAGEMENT. By O. E. Perrigo, M.E. 

The only work published that describes the modem machine shop or manufacturing 
plant from the time the grass is growing on the site intended for it until the finishea 
product is shipped. By a careful study of its thirty-six chapters the practical man 
may economically build, efficiently equip, and successfully manage the modem machine 
shop or manufacturing establishment. Just the book needed by those contemplating 
the erection of modem shop buildings, the rebuilding and reorganization of old ones, 
or the introduction of modem shop methods, time and cost systems. It is a book 
written and illustrated by a practical shop man for practical shop men who are too 
busy to read theories and want facts. It is the most complete all-around book of its 
kind ever published. It is a practical book for practical men, from the apprentice in 
the shop to the president in the office. It minutely describes and illustrates the most 
simple and yet the most efficient time and cost system yet devised. 384 pages. 219 
illustrations. Price $5.00 



FUEL 

COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By Wm. 

M. Barr. 

This book has been prepared with special reference to the generation of heat by the 
combustion of the common fuels found in the United States, and deals particularly 
with the conditions necessary to the economic and smokeless combustion of bituminous 
coals in Stationary and Locomotive Steam Boilers. 

I'he presentation of this important subject is systematic and progressive. The ar- 
rangement of the book is in a series of practical questions to which are appended 
accurate answers, which describe in language, free from technicalities, the several 
processes involved in the furnace combustion of American fuels; it clearly states the 
essential requisites for perfect combustion, and points out the best methods for furnace 
construction for obtaining the greatest quantity of heat from any given quality of 
coal. 5th Edition. Nearly 350 pages, fully illustrated. Price. . . . $1.50 
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GAS AND OIL ENGINES 

THE GASOLINE ENGINE ON THE FARM: ITS OPERATION, REPAIR 
AND USES. By Xeno W. Putnam. 

This is a practical treatise on the Gasoline and Kerosene Engine intended for the man 
who wants to loiow just how to manage his engine and how to apply it to all kinds of 
farm work to the best advantage. 

This book abounds with hints and helps for the farm and suggestions for the home 
and housewife. There is so much of value in this book that it is impossible to ade- 
quately describe it in such small space. Suffice to say that it is the kind of a book 
every farmer will appreciate and every farm home ought to have. Includes selecting 
the most suitable engine for farm work, its most convenient and efficient installation, 
with chapters on troubles, their remedies, and how to avoid them. The care and 
management of the farm tractor in plowing, harrowing, harvesting and road grading 
are fully covered ; also plain directions are given for handling the tractor on the road. 
Special attention is given to relieving farm life of its drudgery by applying power to 
the disagreeable small tasks which must otherwise be done by hand. Many home- 
made contrivances for cutting wood, supplying -kitchen, garden, and bam with water, 
loading, hauling and imloading hay, delivering grain to the bins or the feed trough 
are included; also full directions for making the engine milk the cows, chum, waui. 
sweep the house and clean the windows, etc. Very fully illustrated with drawings of 
wormng parts and cuts showing Stationary, Portable and Tractor Engines doing all 
kinds of farm work. All money-making farms utilize power. Learn now to unlize 
power by reading the pages of this book. It is an aid to the result getter, invaluable 
to the up-to-date farmer, student, blacksmith, implement dealer and, in fact, all who 
can apply practical knowledge of stationary gasoline engines or gas tractors to advan- 
tage. 530 pages. Nearly 180 engravings. Price 98.00 

BASOLINE ENGINES : THEIR OPERATION, USE AND CARE. By A. Hyatt 
Verrill. 

The simplest, latest and most comprehensive popular work published on Gasoline 
Engines, describing what the Gasoline Engine is; its construction and operation; how 
to Install it; how to select it: how to use it and how to remedy troubles encountered. 
Intended for Owners, Operators and Users of Gasoline Motors of all kinds. This 
work fully describes and illustrates the various types of Gasoline Engines used in 
Motor Boats, Motor Vehicles and Stationary Work. The parts, accessories and 
appliances are described, with chapters on ignition, fuel, lubrication, operation and 
engine troubles. Special attention is given to the care, operation and repair of motcMrs. 
with useful hints and suggestions on emergency repairs and makeshifts. A complete 
glossary of technical terms and an alphabetically arranged table of troubles and their 
symptoms form most valuable and unique features of this manual. Nearly every 
iUustration in the book is original, having been made by the author. Every nage is 
full of interest and value. A book which you cannot afford to be without. 275page8. 
152 specially made engravings. Price 92.00 

GAS, GASOLINE, AND OIL ENGINES. By Gardner D. Hisoox. 

Just issued. 23d revised and enlarged edition. Every user of a gas engine needs tills 
book. Simple, instructive, and right up-to-date. The only complete work on the 
subject. Tells all about the running and management of gas. gasoline and oil engines, 
as designed and manufactured in the United States. Explosive motors tor statlcmary 
marine and vehicle power are fully treated, together with illustrations of thcdr parts 
and tabulated sizes, also their care and running are included. Electric ignition by 
induction coil and jump spark are fully explained and illustrated, including valuable 
information on the testing for economy and power and the erection of power plants. 

The rules and regulations of the Board of Fire Underwriters in r^ard to the installatloD 
and management of gasoline motors are given in full, suggesting the safe InstaUatioo 
of explosive motor power. A list of United States Patents issued on gas. i^woline, and 
oil ei^nes and their adjuncts from 1875 to date is included. 640 pages. 435 ouorav- 
lugs. Folding plates. Price S8.00 
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GAS ENGINES AND PRODUCER-GAS PLANTS. By R. E. Mathot, MJE. 

This is a practical treatise, setting forth the principles of gas engine and producer 
design, the selection and installation of an engine, conditions of perfect operation, 
^mdac&r-gSLS engines and their possibilities; the care of gas engines and producer-ea^ 
plants, with a chapter on volatile hydrocarbon and oil engines. A practical guide for 
Hm gas engine design^*, user and engineer in the construction, selection, purchase, in-i 
stallation, operation and maintenance of gas engines. Every part of the gas engine is de^ 
scribed in detail^ tersely, clearly and with a thorough understanding of the requirements of 
the mechanic. Recognizing the need of a volume that would assist the gas engine 
jxaer in understanding the motor upon which he depends for power, the author nas 
discaased the subject without the help of any mathematics. Helpful suggestions as to 
tlie purchase of an engine, its installation, care and operation, form a most valuable 
feature of the book. 6x9 inches. Cloth. 314 pages. 152 illustrations. Price . . $8 .00 

GAS ENGINE CONSTRUCTION, OR HOW TO BUILD A HALF-HORSE- 
POWER GAS ENGINE. By Pabseli. and Weed. 

A practical treatise of 300 pages describing the theory and principles of the action of 
Gas Engines of various types and the design and construction of a half-horse-power 
Gas Engine, with illustrations of the work in actual progress, u^ether with the dimen- 
sioned working drawings, giving clearly the sizes of the various details; for the student, 
tbe scientific investigator, and the amateur mechanic. This book treats of the subject 
more from the standpoint of practice than that of theory. The principles of operation 
of Gas Engines are clearly and simply described, and then the actual construction of a 
balf-horse-power engine is taken up, step by step, showing in detail the making of the 
Gas Engine. 3d Edition. 300 pages. Price 98.00 

HOW TO RUN AND INSTALL GASOLINE ENGINES. By C. Von Culin. 

Revised and enlarged edition just issued. The object of this little book is to furnish 
a pocket instructor for the banner, the busy man who uses an engine for pleasure or 
profit, but who does not have the time or inclination for a technical book, out simply 
to thoroughly understand how to properly operate, install and care for his own engine. 
The index refers to each trouble, remedy, and subject alphabetically. Bdng a quick 
reference to find the cause, remedy and prevention for troubles, and to become aD 
expert with his own engine. Pocket size. Paper binding. Price . . 26 cents 

GEARING AND CAMS 



BEVEL GEAR TABLES. By D. Aq. Engstrom. 

A book that will at once commend itself to mechanics and draftsmen. Does awaj 
with all the tricconometry and fancy figuring on bevel gears, and makes it easy for any* 
one to lay them out or make them just right. There are 36 full-page tables thai 
show every necessary dimension for all sizes or combinations you're apt to need. No 
puzzling, figuring or guessing. Gives placing distance, all the angles (including 
<nitting angles), and the correct cutter to use. A copy of this prepares you for any- 
thing in the bevel-gear line. 3d Edition. 66 pages $1.60 

CHANGE GEAR DEVICES. By Odcar E. Perrigo. 

A practical book for every designer, draftsman, and mechanic interested in the Inven- 
tion and development of the devices for feed changes on the different machines requir- 
ing such mechanism. Ail the necessary information on this subject is taJken up, 
analyzed, classified, sifted, and concentrated for the use of busy men who have not tae 
time to go through the masses of irrelevant matter with which such a subject is usu- 
ally encumbered and select such information as will be useful to them. 

It shows just what has been done, how it has been done, when it was done, and who 
did it. It saves time in himting up patent records and re-inventing old ideas. 3rd 
Edition. 101 pages $1.60 

DRAFTING OF CAMS. By Lom8 RomLLioN. 

The laying out of cams Is a serious problem unless you know how to go at it right. 
This puts you on the right road for practically any land of cam you are likely to run 
up against. 3d Edition ....••• 86 cenll 
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HYDRAULICS 

HYDRAULIC ENGINEERING. By Gardner D. Hiscox. 

A treatise on the properties, power, and resources of water for all purposes. Including 
the measurement of streams, the flow of water in pipes or conduits: the horse-power 
of falling water, turbine and impact water-wheels, wave motors, centrifugal, rwripro- 
cating and air-lift pumps. With 300 figures and diagrams and 36 practical tables. 
All who are interested in water-works development will find this book a useful one, 
because it is an entirely practical treatise upon a subject of present importance, and 
cannot fail in having a far-reaching influence, and for this reason should have a place 
in the workinsc library of every engineer. Among the subjects treated are: Historical 
Hydraulics, Properties of Water, Measurement of the Flow of Streams; Flow- 
ing Water Suface Orifices and Nozzles; Flow of Water in Pipes; Siphons of Various 
Kinds: Dams and Great Storage Reservoirs; City and Town Water Supply; Wells 
and Their Reinforcement; Air Lift Methods of Raising Water; Artesian Wells, 
Irrigation of Arid Districts; Water Power; Water- Wheels; Pumps and Pumping 
Machinery; Reciprocating Pumps; Hydraulic Power Transmission; Hvdraulic 
Mining; Canals; Dredges; Conduits and Pipe Lines; Marine Hydraulics; Tidal and 
Sea Wave Power, etc. 320 pages. Price •• $4.60 



ICE AND REFRIGERATION 



POCKETBOOK OF REFRIGERATION AND ICE MAKING. By A. J. 

Wallis-Taylor. 

This is one of the latest and most comprehensive reference books published on the 
subject of reMgeration and cold storage. It explains the properties and refrigerating 
effect of the different fiuids in use, the management of refrigerating machinery and the 
construction and insulation of cold rooms with their required pipe surface for different 
degrees of cold ; freezing mixtures and non-freezing brines, temperatures of cold rooms 
for all kinds of provisions, cold storage charges for all classes of goods, ice making 
and storage of ice, data and memoranda for constant reference by refrigerating engineers, 
with nearly one himdred tables contauning valuable references to every fact and con- 
dition required in the installment and operation of a refrigerating ^lant. New 
edition just published. Price $2.00 



INVENTIONS— PATENTS 

INVENTORS* MANUAL, HOW TO MAKE A PATENT PAY. 

This is a book designed as a guide to inventors in perfecting their inventions, taking 
out their patents and disposing of them. It is not in any sense a Patent Solidtor'i 
Chxjular nor a Patent Broker's Advertisement. No advertisements of any description 
appear in the work. It is a book containing a quarter of a centiuy's experience of a. 
successful inventor, together with notes based upon the experience of many other 
Inventors. 

Among the subjects treated in this work are: How to Invent. How to Secure a 
Good Patent. Value of Good Invention. How to Exhibit an Invention. How to 
Interest Capital. How to Estimate the Value of a Patent. Value of Design Patents. 
Value of Foreign Patents. Value of Small Inventions. Advice on Selling Patents. 
Advice on the Formation of Stock Companies. Advice on the Formation of Limited 
Liability Companies. Advice on Disposing of Old Patents. Advice as to Patent 
Attorneys. Advice as to Selling Agents. Forms of Assignments. License and Cm- 
tracts. State Laws Concerning Patent Kights. 1900 Census of the United States by 
Counts of Over 10,000 Population. New revised and enlarged edition. 144 pages. 
Illustrated. Price S1.60 
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KNOTS 

KNOTS, SPLICES AND ROPE WORK. By A. Htatt Vbrrill. 

This U a prBf tlcaJ book elvliig complete and simple dlretrtlons for making all tbe mo 
useful and ornamental knots In common use, with chapters on SpUclng. Pointln 
Seizing. ServinK. ete. ThLq book is lully illustrated witti one hundred and &f 
original engravings, which show how each knot, tie or splice is formed, and i(d appea 
ance when flnlKhed. The hook will he found of the great«st value to Campers. Yacht 
men. Travelers, Boy Scouts. In fact, to anyone having occasion to use or handle ro] 
or knots for any purpose. The book is thoroughly reliable and practical, and Is n< 
only a guide, but a teacher. It is the standard work on the subject. Among tl 
contents are: 1. Cordage. Kinds of Rope. Construction of Rope, Parts of Roi 
Cable and Bolt Rope. StrciiKth of Rope, Weight of Hope. 2, Simple Knots ai 



Terms Used in Handilng Bope. SelzinK Rope. 
and Mooring Knots. S. Shortenings, Gr 



, Loops and Mooring Knots. 5. Shortenings, Qrommets and Savages. 



Lashings. Sdzlngs and Sphces. 7. Fane; Kuots and Rape Work. 104 p-,,.. .. 
original engravii^. Frice tl.C 

LATHE WORK 

LATHE DESIGN, CONSTRUCTION, AND OPERATION, WITH PRACTICA 
EXAMPLES OF LATHE WORK. By Oscar E. Pbrhiqo. 

A new revised edition, and the only complete American work on the subjec' 

description) 

cutting mechanisms from early efforts in this direction |ij the pn^sont lime, LatI 
design is thoroughly discussed. Including back gearing, drlviiii^ cujios, thread-cuttii 
sears, and all tbe essential elements of the modern lathe. I'he classlfl ration of lath 
Is taken up. giving the esaential dlfterences of the Beveral types of tathea iochidln 
as is usually understood, engine lathes, bench lathes, speed lathes, fone lathes, at 
lathes, pulley lathes, forming lathee, multlple-splndle lathes, rapid-reduction latfit 
precision ladies, turret lathes, special lathes, electrically-driven lathes, etc. In add 
tion to (he complete exposition on construction and design, much practical matter c 
lathe Installation, care and operation has been incorporated in tbe enlarged IfilS ed 
tjon. All kinds of lathe attachments for drlUing. mjlling, etc.. are described ai 
oompleCe Instructions are given to enable the novice machinist to grasp the art of lalJ 
OpemUon as well «8 the principles Involved In design, a n um tier of difficult maiilnii 
operations aie described at loi^h and illustrated. The new edition has nearly 51 
pages and 360 iUuatratlons, Price jg.O 

LATHE WORK FOR BEGINNERS. By Raymond Francis Yates. 

A simple, straightforward t«irt-boo!t for those desiring te learn the operation of 
wood-lumlng or metal-turning lathe. The first chapter tells how to choose a latl 
and all of the standard types on the market are described. Simple and more advanci 
lathe work la thoroiwhly covered and the operation of all latiio altaehments such i 
millers, grinders. poUsherB, etc., is described. The treatment starts from the vei 
bottom and leads the reader through to a point where he will be able to handle tl 
larger commercial machines with very little Instruction. The last chapter of tl 
book is devoted to things to make on the lathe and includes a model rapid-fire nav 
gun. This is the only book published in this country that treats lathe work fro: 
the standpoint of the amateur mechanic. 162 iliuslrationa. About 350 pages. 12m< 
Price »8.0 

TURNING AND BORING TAPERS. By Fred H. Colvin. 

There are two ways ro turn tapers; the right way and one olJier. This treatise hi 
to do with the right way: it tells you how ro start the work properly, how to set tl 
lathe, what tools to use and bow to use them, and forty and one other little thini 
that you should know. FIT:'' edition. Frice .■...., .85 cenl 
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LIQUID AIR 

LIQUID AIR AND THE LIQUEFACTION OF GASES. By T. O'Conob Sloanb. 

This book gives the history of the theory, discovery, and manufacture of Liquid Air« 
and contains an illustrated description of all the experiments that have exited the 
wonder of audiences ail over the country. It shows how liquid air. like water, is 
carried hundreds of miles and is handled in open buckets. It tells what may be ex- 
pected from it in the near future. 

A book that renders simple one of the most perplexing chemical problems of the 
century. Startling developments illustrated by actual experiments. 

It is not only a work of scientific intore<it and authority, but is intended for the general 
reader, being written in a popular stylo — easily understood by everyone. Third 
edition. Revised and Enlarged. 3d4 pages. New Edition. Price • • • $8.00 

LOCOMOTIVE ENGINEERING 



AIR-BRAKE CATECHISM. By Robert H. Blackall. 

This book is a standard text-book. It covers the Westinghouse Air-Brake Equipment, 
including the No. 5 and the No. 6 E. T. Locomotive Brake Equipment; the K (Quick 
Service) Triple Valve for Freight Service; and the Cross-Compound Pump. The 
operation of all parts of the apparatus is explained in detail, and a practical way of 
llnding their peculiarities and defects, with a proper remedy, is given. It contains 
2,000 questions with their answers, which will enable any railroad man to pass any 
examination on the subject of Air Brakes. Endorsed and used by air-brake instruc- 
tors and examiners on nearly every railroad in the United States. 28th Edition. 411 
pages, fully illustrated with colored plates and diagrams. Price $8 JSO 

COBIBUSTION OF COAL AND THE PREVENTION OF SMOKE. By Wm. 

M. Barr. 

This book has been prepared with special reference to the generation of heat by tlM 
combustion of the common fuels foimd in the United States and deals partlcularij 
with the conditions necessary to the economic and smokeless combustion oibitaniiDOUi 
coal in Stationary and Locomotive Steam Boilers. 

Presentation of this important subject is svstematic and progressive. The ar- 
rangement of the book is in a series of practical questions to which are appended 
accurate answers, which describe in language free from technicalities the several 
processes involved in the furnace combustion of American fuels; it clearly states the 
essential requisites for perfect combustion, and points out the best methods of furnace 
construction for obtaining the greatest quantity of heat from any given quality of 
coal. Nearly 350 pages, fully illustrated. Price $1 JSO 

DIARY OF A ROUND-HOUSE FOREMAN. By T. S. Retllt. 

This is the greatest book of railroad experiences ever published. Containing a ftmd of 
information and suggestions along the line of handling men, organizing, etc.. that one 
cannot afford to miss. 158 pages. Price 91.60 

LINK MOTIONS, VALVES AND VALVE SETTING. By Fred H. CohYm, 

Associate Editor of American Machinist. 

A handy book for the engineer or machinist that clears up the myateaAea ot valve 
setting. Shows the difTerent valve gears in use. how they work, and why. Piston 
and slide valves of difTerent types arc illustrated and explained. A book that every 
railroad man in the motive power department ought to have. Contains chapters on 
Locomotive Link Motion, valve Movenipnts. Setting Slide Valves, Ana^nris by 
Diagrams, Modem Practice, Slip of ii^lock, Slice Valves, Piston Valves, Setting Piston 
Valves, Joy-Allen Valve Gear, Walschaert Valve Gear, Gooch Valve Qear, Alfifee- 
Hubbell Valve Gear, etc., etc. 3rd Edition, 10 1 *»ages. Fully illustrated. Ftioe 
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LOCOMOTIVE BOILER CONSTRUCTION. By Frank A. Kleinhans. 

The construction of boilers in general is treated, and, following this, the locomotivi 
boiler is taken up in the order in which its various parts go through the shop. Shows 
all types of boilers used : gives deta.ils of construction ; practical facts, such as life oi 
riveting, punches and dies; work done per day, allowance for bending and flanging 
sheets, and other data. Including the recent Locomotive Boiler Inspection Lawi 
and Examination Qu&stions with their answers for Government Inspectors. Contains 
chapters on Laying Out "Work; Flanging and Forging: Punching; Shearing; Plat< 
Planing; General Tables; Finishing Parts; Bending; Machinery Parts; Riveting 
Boiler Details; Smoke Box Details; Assembling and Calking; Boiler Shoi 
Machinery, etc., etc. 

There isn't a man who has anything to do with boiler work, either new or repair work, 
who doesn't need this book. The manufacturer, superintendent, foreman, and boilei 
worker — all need it. No matter what the type of boiler, you'll find a mint of informa- 
tion that you wouldn't be without. 451 pages, 334 illustrations, five large foldlnfi 
plates. Price $8.6C 

LOCOMOTIVE BREAKDOWNS AND THEIR REMEDIES. By Geo. L 
Fowler. Revised by Wm. W. Wood, Air-Brake Instructor. Just issued. 
Revised pocket edition. 

It is out of the question to try and tell you about every subject that Is covered in thli 
pocket edition of Locomotive Breakdowns. Just imagine all the common troubles 
that an engineer may expect to happen some time, and then add all of the unexpected 
ones, troubles that could occur, but that you have never thought about, and you will 
find that they are all treated with the very best methods of repair. Waischaerl 
Locomotive Valve Gear Troubles, Electric Headlight Troubles, as well as Questions 
and Answers on the Air Brake are all included. 293 pases. 8th Revised Edition, 
Fully illustrated 91.60 

PRACTICAL INSTRUCTOR AND REFERENCE BOOK FOR LOCOMOTIVE 
FIREMEN AND ENGINEERS. By Chas. F. Lockhart. 

An entirely new book on the Locomotive. It appeals to evei^ railroad man, as i1 
tells him how things are done and the right way to do them. Written by a man whc 
has had years of practical experience in locomotive shops and on the road firing and 
running. The information given in this book cannot be found in any other sfmilai 
treatise. Eight himdred and fifty-one questions with their answers are included, 
which will prove specially helpful to those preparing for examination. PracticaJ 
information on: The Construction and Operation of Locomotives; Breakdowns and 
their Remedies; Air Brakes and Ysdve Gears. Rules and Signals are handled in a 
thorough manner. As a book of reference it cannot be excelled. The book is divided 
into six parts, as follows: 1. The Fireman's Duties. 2. General Description of the 
Locomotive. 3. Breakdowns and their Remedies. 4. Air Brakes. 5. Extracts 
from Standard Rules. 6. Questions for Examination. The 851 questions have beec 
carefully selected and arranged. These cover the examinations required by the 
different railroads. 368 pages. 88 illustrations. Price $2.60 

PREVENTION OF RAILROAD ACCIDENTS, OR SAFETY IN RAILROADING, 

By George Bradshaw. 

This book is a heart-to-heart talk with Railroad Employees, dealing with facts, not 
theories, and showing the men in the ranks, from everv-day experience, how accidents 
occur and how they may be avoided. The book is illustrated with seventy original 
photographs and drawings showing the safe and unsafe methods of work. No vision- 
ary schemes, no ideal pictures. Just plain facts and Practical Suggestions are given. 
Every railroad employee who reads tne book is a better and safer man to have in 
railroad service. It gives just the information which will be the means of preventing 
many injuries and deaths. All railroad employees should procure a copy; read it, 
and do your part in preventing accidents. 1G9 pa:<fs. Pocket size. Fully illustrated. 
Price 50 cents 
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TRAIN RULE EXAMINATIONS MADE EASY. By G. E. Collingwood. 

This is the only practical work on train rules in print. Every detail is covered, and 
puzzling points are explained in sinople, comprehensive language. maJdng it ? practical 
treatise for the Train Dispatcher, Engineman, Trainman, and all others who have to 
do with the movements of trains. Contains complete and reliable information of the 
Standard Code of Train Rules for single track. Shows Signals in Colors, as used on 
the different roads. Explains fully the practical application of train orders, giving a 
clear and definite understanding of all orders which may be used. The meaning and 
necessity for certain rules are explained in such a manner that the student may know 
beyond a doubt the rights conferred imder any orders he may receive or the action 
required bv certain rules. As nearly all roads require trainmen to pass regular exami 
nations, a complete set of examination questions, with their answers, are included. 
These will enable the student to pass the required examinations with credit to himself 
and the road for which he works. Second Edition revised. 234 pages. Fully illus- 
trated with Train Signals ii. Colors. Price $1.50 

THE WALSCHAERT AND OTHER MODERN RADIAL VALVE GEARS FOR 

LOCOMOTIVES. By Wm. W. Wood. 

If you would thoroughly understand the Walschaert Valve Gear you should possess a 
copy of this book, as the author takes the plainest form of a steam engine — a stationary 
engine in the rough, that will only turn its crank in one direction — and from it builds 
up — with the reader's help — a modem locomotive equipped with the Walschaert 
valve Gear, complete. The points discussed are clearly illustrated; two large folding 
plates that show the positions of the valves of both inside or outside admission type, as 
well as the links and other parts of the gear when the crank is at nine different points 
in its revolution, are especially valuable in making the movement clear. These employ 
sliding cardboard models which are contained in a pocket in the cover. 

The book is divided into five general divisions, as follows: 1. Analysis of the gear. 
2. Designing and erecting the gear. 3. Advantages of the gear. 4. Questions and 
answers relating to the Walschaert Valve Gear. 5. Setting valves with the Wal- 
schaert Valve Gear; the three primary types of locomotive valve motion; modern 
radial valve gears other than the Walschaert; the Hobart All-free Valve and Valve 
Gear, with questions and answers on breakdowns; the Baker-Pilliod Valve Gear; the 
Improved Baker-Pilliod Valve Gear, with questions and answers on breakdowns. 

The questions with full answers given will be especially valuable to firemen and engi- 
neers in preparin.'? for an examination for promotion. 245 pages. Fully illustrated. 
Third Revised New Edition. Price $2.50 

WESTINGHOUSE E-T AIR-BRAKE INSTRUCTION POCKET BOOK. By 

Wm. W. Wood, Air-Brake Instructor. 

Here is a book for the railroad man, and the man who aims to be one. It is without 
doubt the only complete work published on the Wastinghouse E-T Locomotive Brake 
Equipment. Written by an Air-Brake Instructor who knowsjust what is needed. It 
covers the subject thoroiishly. Everytliing about the New Westinghouse Engine and 
Tender Brake Equipment, mcluding the standard No. 5 and the Perfectt»d No. 6 
style of brake, is treated ia detail. Written in plain English and profusely illustrated 
with Colored Plates, which enable one to trace the flow of pressures throughout the 
entire equipment. The best book ever published on the Air Brake. Equally good for 
the beginner and the advanced engineer. Will pass anyone through any examination. 
It informs and enlightens you on every point. Indispensable to every engineman and 
trainman. 

Contains examination questions and answers on the E-T equipment. Covering what 
the E-T Brake is. How it should be operated. What to do when defective. Not a 
question can be asked of the engineman up for promotion, on either the No. 5 or the 
No. 6 E-T equipment, that is not asked and answered in the book. If you want to 
thoroughly undewtand the E-T equipment get a ropy of this book. It covers every 
detail. Makes Air-Brake troubles and examinations easy. Second Revised and 
Enlarged Edition. Price $2.60 
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MACHINE-SHOP PRACTICE 

AMERICAN TOOL MAKING AND INTERCHANGEABLE MANUFACTI 

ING. By J. V. WooDWORTH. 

A "shoppy" book, containing no theorizing, no problematical or experimental devi< 
there are no badly proportioned and impossible diagrams, no catalogue cuts, bu 
valuable collection of drawings and descriptions of devices, the rich fruits of the auth( 
own experience. In its 500-odd pages the one subject only. Tool Making, and wl: 
ever relates thereto, is dealt with. The work stands without a rival. It is a comp] 
practical treatise on the art of American Tool Making and system of interchanges 
manufacturing as carried on to-day in the United States. In it are described i 
illustrated all of the different types and classes of small tools, fixtures, devices, i 
special appliances which are in general use in all machine-manufacturing and me 
working establishments where economy, capacity, and interchangeability in the i 
duction of machined metal parts are imperative. The science of jig making is exha 
lively discussed, and particular attention is paid to drill ji';s, boring, profiling and mill 
fixtures and other devices in which the parts to be machined are located and fastei 
within the contrivances. All of the tools, fixtures, and devicas illustrated and 
scribed have been or are used for the actual production of work, such as parts of c 
presses, lathes, patented machinery, typewriters, electrical apparatus, mechanical 
pliances, brass goods, composition parts, mould products, sheet metal articles, dr 
forgings, jewelry, watches, medals, coins, etc. 3rd Edition. 531 pages. Price $4 

MACmNE-SHOP ARITHMETIC. By Colvin--Cheney. 

This is an arithmetic of the things you have to do with daily, li tells you plai 
about: how to find areas in figures; how to find surface or volume ot balls or sphei 
handy ways for calculating; about compound gearing; cutting screw threads on i 
lathe; drilling for taps; speeds of drills; taps, emery wheels, grindstones, mill 
cutters, etc. ; all about the Metric system with conversion tables ; properties of meti 
strength of bolts and nuts ; decimal equivalent of an inch. All sorts of machine-sl 
figuring and 1,001 other things, any one of which ought to be worth more tl 
the price of this book to you, and it saves you the trouble of bothering the boss, 
edition. 131 pages. Price 75 cei 

MODERN MACHINE-SHOP CONSTRUCTION, EQUIPMENT AND MA 

AGEMENT. By Oscar E. Perrigo. 

The only work published that describes the Modern Shop or Manufacturing PI 
from the time the grass is growing on the site intended for it until the finished prod 
is shipped. Just the book needed by those contemplating the erection of modern si 
buildings, the rebuilding and reorganization of old ones, or the introduction of Mod 
Shop Methods, time and cost systems. It is a book written and illustrated by a pr 
tical shop man for practical shop men who are too busy to read theories and want fa< 
It is tlie most complete all-round bool^ of ios ki.id ev^r published.. 384 paero 
219 original and specially-made illustrations. Revised and Enlarged Editi 
Price $5. 

" SHOP KINKS." By Robert Grimshaw. 

A book of 400 pages and 222 illustrations, being entirely different from any ot 
book on machine-shop practice. Departing from conventional style, the aut! 
avoids universal or common shop usage and limits his work to showing special w; 
of doing things better, n:ore cheaply and more rapidly than usual. As a result 
advanced methods of representative establishments of the world are placed at 
disposal of the reader. This booK shows the proprietor where large savings are possil 
and how products may be improved. To the employee it holds out suggestions th 

froperly applied, will hasten his advancement. No shop can afford to be without 
t bristles with valuable wrinkles and helpful suggestions. It will benefit all, fr 
apprentice to proprietor. 5th edition. Pnce $3. 

THREADS AND THREAD-CUTTING. By Colvin and Stabel. 

This clears up many of the mysteries of thread-cutting, such as double and tri 
threads, internal threads, catching threads, use of hobs, etc. Contains a lot of use 
hlDts and several tables. 4th edition. Price .....••... 86 cei 

27 



CATALOGUE OF GOOD, PRACTICAL BOOKS 



HE WHOLE FIELD OF MECHANICAL MOVEMENTS 
CO VERED BY MR. HISCOX'S TWO BO OKS 

We publish two books by Gardner D. Hiscox that mill keep you from *' inventing** things 
that nave been done before, and suggest ways of doing things that you have not thought of 
before. Many a man spends time and money, pondering over some mechanical problem, 
only to learn, after he has solved the problem, that the same thing has been accomplished 
ana put in practice by others long before. Time and money spent in an effort to accom- 
plish what has already been accomplished are time and money LOST. The whole field 
of mechanics, every known mechanical movement, and practically every device is covered 
by these two books. If the thing you want has been invented, it is illustrated in them. If 
it hasn't been invented, then you'll find in them the nearest things to what you want, some 
mmements or devices that will apply in your case, perhaps; or which toill give you a key 
from which to work. No book or set of books ever published is of more real value to Vie 
Inventor, Draftsman, or practical Mechanic than the two volumes described below. 

lUECHANICAL MOVEMENTS, POWERS, AND DEVICES. By Gardnbe D. 

Hiscox. 

This is a collection of 1,800 engravings of different mechanical motions and appliances, 
accompanied by appropriate text, malting it a book of great value to the mventor, 
the draftsman, and to all readers with mechanical tastes. The book is divided into 
eighteen sections or chapters, in which the subject-matter is classified imder the follow- 
ing heads: Mechanical Powers; Transmission of Power; Measurement of Power; 
Steam Power; Air Power Appliances; Electric Power and Construction; Navigation 
and Roads; Gearing; Motion and Devices; Controlling Motion; Horol<^cal; 
Mining; Mill and Factory Appliances; Construction and Devices; Drafting Devices; 
MisceUaneous Devices, etc. 15th edition enlarged. 400 octavo pages. Price . $4«00 

ilECHANICAL APPLIANCES, MECHANICAL MOVEMENTS AND NOVEL- 
TIES OF CONSTRUCTION. By Gardner D. Hiscox. 

This is a supplementary volume to the one upon mechanical movements. Unlike the 
first volume, which is more elementary in character, this volume contains illustarations 
and descriptions of many combinations of motions and of mechanical devices and 
appliances found in different lines of machinery, each device being shown by a line 
drawing with a description showing its working parts and the method of operation. 
From the multitude of devices described and filustrated might be mentioned, in 
passing, such items as conveyors and elevators, Prony brakes, thermometers, various 
types of boilers, solar engines, oil-fuel burners, condensers, evaporators, Corliss and 
otner valve gears, governors, gas engines, water motors of various descriptions, air- 
ships, motors and dynamos, automobile and motor bicycles, railway lock signals, 
car couplers, link and gear motions, ball bearings, breech block mechanism for heavy 
guns, and a lan;e accumulation of others of equal importance. 1,000 specially made 
engravings. 396 octavo pages. 4th Edition enlarged. Price $4.00 

SHOP PRACTICE FOR HOME MECHANICS. By Raymond Francis Yates. 

A thoroughly practical and helpful treatment prepared especially for those who have 
had little or no experience in shop work. The introduction Js given over to an ele- 
mentary explanation of the fundamentals of mechanical science. This is followed 
by several cnapters on the use of small tools and mechanical measuring instruments. 
Elementary and more advanced lathe work is treated in detail and directions ^ven 
for the construction of a number of useful shop appliances. Drilling and reaming, 
heat treatment of tool steel, special lathe operations, pattern making, grinding, and 
grinding operations, home foundry work, etc., make up the rest of the volume. The 
book omits nothing that will be of use to those who use tools or to those who wish 
to learn the use of tools The great number of clear engravings (over 300) add 
tremendously to the text matter and to the value of the volume as a visual instructor 
Octavo, 320 pages. 309 engravings. Price , ••#•!•••#• $8.00 
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MACHINE-SHOP TOOLS AND SHOP PRACTICE. By W. H. Vandbrvooi 

A work of 552 pages and 672 illustrations, describing in every detail the constructi< 
operation, and manipulation of both hand and machine tools. Includes chapt 
on filing, fitting, and scraping surfaces; on drills, reamers, taps, and dies; the Iai 
and its tools; planers, shapers, and their tools; milling machines and cutters; g< 
cutters and gear cutting; drilling machines and drill work; grinding machines a 
their work; hardening and tempering; gearing, belting, and transmission machine; 
useful data and tables. 7th Edition. 552 pages. 672 illustrations. Price $4. 

COMPLETE PRACTICAL MACHINIST. By Joshua Rose. 

The new, twentieth revised and enlarged edition is now ready. This is one of 1 
best-known books on machine-shop work, and written for the practical workn: 
in the language of the workshop. It gives full, Dractical instructions on the use 
all kinds of metal-working tools, both hand ana machine, and tells how the w( 
should be properly done. It covers lathe work, vise work, drills and drilling, U 
and dies, hardening and tempering, the making and use of tools, tool grinding, ma: 
ing out work, machine tools, etc. No machinist's Ubrary is complete without t 
volume. 20th Edition. 547 pages. 432 illustrations. Price . . . $8.' 

HENLEY'S ENCYCLOPEDIA OF PRACTICAL ENGINEERING AND ALLH 
TRADES. Edited by Joseph G. Horner, A.M.I.Mech.E. 

This book covers the entire practice of Civil and Mechanical Engineering. 1 
best known experts in all branches of engineering have contributed to these volum 
The Cyclopedia is admirably well adapted to the needs of the beginner and the s< 
taught practical man, as well as the mechanical engineer, designer, draftsman, sli 
superintendent, foreman and machinist. 

It is a moderm treatise in five volumes. Handsomely bound in half morocco, ea 
volume containing nearly 500 pages, with thousands of illustratioxis, including d 
grammatic and sectional drawings with full explanatory details. Five large volum 
Price $80.( 

MODEL MAKING Including Workshop Practice, Design and Construction 
Models. Edited by Raymond F. Yates. Editor of "Everyday Engineeri 
Magazine.'' 

This book will help you to become a better mechanic. It is full of suggestions for th< 
who like to make things, amateur and professional alike. It has been prepared 
pecially for men with mechanix;al hobbies. Some may be engineers, macmiiiists, je 
clers, pattern makers, office clerks or bank jpresidents. Men from various waU&s 
life have a peculiar interest in model engineermg. Model Making will be a help a 
an inspiration to such men. It tells them "how-to-do" and "how-to-make" thii 
in simple, understandable terms. Not only this, it is full of good, clear worki 
drawings and photographs of the models and apparatus described. Each model 1: 
been constructed and actually works if it is made according to directions. 379 pag 
300 illustrations. Price , iQ,{ 

ABRASIVES AND ABRASIVE WHEELS. By Fred B. Jacobs. 

A new book for everyone interested in abrasives or grinding. A careful reading 
the book will not only make mechanics better able to use abrasives intelligently, b 
it will also tell the shop superintendent of many short cuts and efflciency-increasi 
kinks. The economic advantages in using large grinding wheels are fully explainc 
together with many other things that will tend to give the superintendent or workm 
a keen insight into abrasive engineering. 340 pages. 174 filustrations. This is 
indispensable book for every machinist. Price $8.< 

HOME MECHANIC'S WORKSHOP COMPANION. By Andrew Jackson, J 

This treatise ineludee a compilation of useful suggestions that cannot fail to inter* 
the handy man, and while it is not intended for mechanical experts or scientists, it w 
prove to be a veritable store of information for a,nyone who desires to rig up a sm 
shop where odd jobs can be carried on. Price 76 ceu 
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MARINE ENGINEERING 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S POCKETBOOK. Of 

Formulae, Rules, and Tables and Marine Engineer's and Surveyor's Handy 
Book of Reference. By Clement Mackrow and Lloyd Woollard. 

The twelfth revised and enlarged edition of this most comprehensive- work has just 
been issued. It is absolutely indispensable to all engaged in the Shipbuilding Industry, 
as it condenses into a compact form all data and formulsB^that are ordinarily required. 
The book is completely up to date, including among other subjects a section on 
Aeronautics. 760 pages, limp leather binding. Price $6.00 

MARINE ENGINES AND BOILERS— THEIR DESIGN AND CONSTRUC- 
TION. THE STANDARD BOOK. By Dr. G. Bauer, Leslie S. Robertson 
and S. Bryan Donkin. 

In the words of Dr. Bauer, the present work owes Its origin to an oft felt want of a 
condensed treatise embodying the theoretical and practical rules used in designing 
marine enRlntis and boilers. The fact that the original German work was written by 
the chief engineer of the famous Vulcan Works, Stettin, is in itself a guarantee that 
this book is in all respects thoroughly up-to-date, and that it embodies all the in- 
formation which is necessary for the design and construction of the highest types of 
marine engines and boilers. It may be said that the motive power which Dr. Bauer 
has placed in the fast German liners that have been turned out of late years from the 
Stettin Works represent the very best practice in marine engineering of the present 
day. The work is clearly written, thoroughly systematic, theoretically souna; while 
the character of the plans, drawings, tables, and statistics is without reproach. The 
illustrations are careful reproductions from actual working drawings, with some well- 
executed photographic views of completed engines and boilers. Fifth impression. 
744 pages. 550 illustrations, and numerous tables. Cloth. Price . . . $10.00 

MANUAL TRAINING 



ECONOMICS OF MANUAL TRAINING. By Louis Rouillion. 

The only book published that gives just the information needed by all interested in 
Manual Training, regarding Buildings, Equipment, and Supplies. Shows exactly 
what is needed for all grades of the work from the Kindergarten to the High and 
Normal School. Gives itemized lists of everything used in Manual Training Work 
and teUs just what it ought to cost. Also shows where to buy supplies, etc. Contains 
174 pages, and is fully illustrated. 2a edition. Price $2.00 

MOTOR BOAT S 

MOTOR BOATS AND BOAT MOTORS. By Victor W. Pag^ and A. C. Leitch. 

All who are interested in motor boats, either as owners, builders or repairmen, will 
find this latest work a most comprehensive treatise on the design, construction, opera- 
tion and repair of motor boats and their power plants. It is really two complete 
books in one cover as it consists of two parts, each complete in itself. Part One deals 
with The Hull and Its B^ittings, Part Two considers The Power Plant and Its 
Auxiliaries. A valuable feature of this book is the complete set of dimensioned 
working drawings detailing the construction of five different types of boats ranging 
from a 16-foot shallow draft, tunnel stem general utility craft to a 26-foot cabin 
cruiser. These plans are by A. C. Leitch, a practical boat builder and expert naval 
architect, and are complete in every particular. Full instructions are given for the 
selection of a power plant and its installation in the hull. Valuable advice is included 
on boat and engine opera,tion and latest designs of motors are described and illustrated. 
The instructions for overhauling boat and engine are worth many times the small 
coat of the book. It is a comprehensive work of reference for all interested in motor 
boating in any of its phases. Octavo. Cloth. 372 illustrations. 524 pages. 
Price ... $4.00. 
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